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FINAL REPORT

1969 SUMMER INSTITUTE IN SPACE BIOLOGY, UCLA

The 1969 Summer Institute in Space Biology, held at UCLA and NASA
Ames Research Center attracted 250 applicants representing every state in
the Union. From these, 30 highly qualified applicants were selected on
the basis of scholastic excellence, enthusiastic recommendations, and cone-
vincingly literate personal letters of application. These 20 male and
10 female upperdivision undergraduate students pursued majors which included
biology, physiology, physics, chemistry, mathematics and several branches of
engineering. As a group they presented qualities of high motivation, con=
siderable scientific curiosity, and explicit interest in the various goals
of NASA,

The program offered them was extended to 5 weeks this year: L weeks
at UCLA and | week at ARC. Once again, the theme of the Institute was
Mammalian Systems in Space, with the expressed emphasis on basic biological
systems in the context of the problems of acquisition of biological signals
from difficult environments and their analysis by modern digita] computing
techniques. This comprehensive approach which encompassed many disciplines
was supported by faculty drawn principally from the Space Biology Laboratory,
Brain Research Insitute, UCLA; the departments of medicine, neurology and
psychiatry, UCLA Center for the Health Sciences; the department of physiology,
USC; and the life science research division, ARC. A survey of the accompany-
ing curriculum will emphasize this exciting and unusual Institute which would
be difficult to duplicate elsewhere.

In addition to this core curriculum, advantage was taken of the previous

year's experience with a project assignment. That project, which concerned



experimental proposals for vestibular research, aroused great interest on
the part of the students and they generated a considerable amount of work on
various aspects of the proposal. The subject was introduced late in the
Institute, however, and the students unanimously agreed that they would

have preferred it earlier. Thus, this year, three projects were introduced
in the first week. They were:

1) Design a biological experiment for a moon laboratory; design may
inciude engineering and electronic aspects.

2) Assume that a flight to Mars is technically feasible; formulate
desirable crew characteristics, including personality ones, and devise tests
to evafuate these characteristics,

3) Consider the possibility of intelligent life elsewhere in the
Universe, and devise a message which may be communicative. Include a
description of the transmission method envisaged.

The first two problems were tackled as class projects, including self=
organized teams, and the last as an individual task. Formal presentation of
the final report was made to members of the faculty and the rest of the
student body in the final week of the Institute. Their efforts are attached
to this report as appendices for review as desired. As the Summer Institute
continues to evolve, the curricuia will remain sensitive to students! ideas
on how it will best serve their needs, though not controlled by them.

The week spent at ARC was judged outstanding by the students. Here,
the unanimous reaction could be expressed as the experience of actual space
endeavor where they were exposed to the technology which was previously a
classroom academic exercise. They valued the relatively brief introductory
lecture and the more prolonged laboratory exposure. With one or two

exceptions, other field trips were less successful. The consensus of the



evaluation of the experience at UCLA was that a difficult task of presenting
comprehensive material from many disciplines in an interdisciplinary manner

was excellently handled. Of outstanding interest this year was the experimentally
complex primate biosatellite flight: the principal investigator, project
manager, and a tracking station monitor of that flight were present as

faculty to describe this intricate mission. Some students expressed it as
being their outstanding educational experience to date in the formal evaluation
they made after conclusion of the Institute. Many pleaded for shorter

lectures and more library time in future years. All agreed that it was

a valuable experience and strongly urged its continued availability for
students in future summers. The growth in stature of the Summer Institute

is evident in professors recommending only their best students as being

capable of useful participation, and in the increasing requests from leading
graduate and professional schools in the country for our evaluation of

Institute students who are seeking admission to their programs.

Respectfully submitted on behalf of
the faculty.

dolin Ha b

John Hanley, M.D.
Faculty Coordinator
Summer Institute in Spacg Biology
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BLANK, Anne
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807 Minnesota Ave,
Gladstone, Michigan

4a837

Dartmouth College
Dept. of Biol. Sciences
Hanover, New Hampshire

03755

840 Vayne Ave,
Ellwood City, Pa.
16117

127 Haven Rd.
Syracuse, New York
13210

104-11 223 St.
Queens Village, New York
11429

322 W, Suttenfield St.
Fort Wayne, Indiana

L6807

1409 Church Rd,
Wyncote, Pennsylvania

19095

2807 E., Morgan Dr,
Salt Lake City, Utah

1380 Kimblewick Rd.
Rockville, Maryland
20854

99 Arcadia Ave,
Ft. Mitchell, Kentucky
L1017

1711 Jacquelyn #22
Houston, Texas 77055

1169 Linden Ave.
Memphis, Tennessee

38104

6006 Pelham Dr.
Parma, Ohio 44129

SCHOOL

Michigan Tech, Univ,

Dartmouth College

Thiel éo]]ege

Syracuse Univ.

Cornell University

Ripon College

Amherst College

Westminster College

UC Berkeley

Xavier University

Qniv. of Houston

Christian Brothers
College

Notre Dame College

MAJOR

diology

Bioloay

Chemistry

Elec. Eng.

Physics

Chemistry

History (Pre-med)

Chem, & Biology

Chemistry

Biology

diology

Chemistry

Biology
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NAME ADDRESS SCHOOL MASOR

KESSELMAN, Neil 650 Locust St, UC Berkeley "~ Biophysics
Denver, Colorado 80220

LIPPSETT, Paula 990 E. 23rd St. Mount Holyoke Biology
3rooklyn, New York
11210

MCMONAGLE, Jim 711 Ricky Dr. Stanford Univ, Chemistry
Campbell, Cal. 95008

MOBLEY, William 8121 A, Street Univ, of Nebraska Chem. & Zoology
Lincoln, Nebraska (Pre-Med)
68502

MOSELEY, Molly 1340 Fair Oaks Ave., S.E. Oglethorpe College Applied Math
Marietta, Georgia 30060

MULLEY, Albert Jr. 401 Chestnut St, Dartmouth College Biology & Psych.
Wilmington, Massachusetts
01887

NEUMANN, Ronald 1015 Labarce St. Carroll College Biology (Pre-Med)
Watertown, Wisconsin
53094

OKANO, Nobue 16924 Denker Ave. Cal State at Long Chemistry
Gardena, Calif, Beach

PEDERSEN, Nikki 3421 N,E, 126 Street Univ. of Portland Biology
Portland, Oregon 97230

PERL, Alan 18 Elmcrest Dr. ~ Univ of Rhode Island Elec. Eng,
Pawtucket, Rhode Island
02861

QUENELLE, Robert L157 E. Hawthorne Univ, of Arizona English
Tucson, Arizona 85711

REED, Ronald Box 376 Oklahoma City Univ, Biology
Watonga, Oklahoma
73772

SCHROER, Caryl c/o Mr. & Mrs, R, Miller St. Xavier College Nat. Science

L750 S, Pulaski
Chicago, 111, 60632

SHERIDAN, Susan S. Medical Dept. ' Mount Holyoke Physiology
Brookhaven National Lab,
Upton, Long Island, New York

11973
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“er SHINA, Donald
STEMPEL, Jerrold

VISSAR, Sandra

ADDRESS

3803 Stickney Ave,
Cleveland, Ohio 44109

1511 Sunset Ridge Rd,
Northbrooke, 111. 60062

209 Third Ave. S.V,
Pochahontas, lowa 50574

SCHOOL

John Carroll Univ.

Univ, of ti'inois

lowa State Univ,

of Science & Tech.

MAJOR

Chem. & Biology
(Pre-Med)

Physioloc,
(Pre-Med)

Zoology



Date

July 28

July 29

July 30

July 31

Aug

Aug

Aug

Aug

Aug

Aug

Aug

Aug

11

20

21

Mon

Tues

Wed

Thurs

Fri

Mon

Tues

Wed

Thurs

Fri

- Aug 19

Wed

Thurs

Fri

UCLA Activity Schedule

Lecture Hall 53-105
Health Sciences Center

Lecturer--Activity

Dr. John French - Welcome
Dr. John Hanley - Introduction

9-12
14

9-12

Dr. J.

Projects Presentation

Henry - Environmental Adaptation
and Homeostasis

Dr. Donald Walter - Computer Operations

Dr, J.
Dr. A.
Dr. P.
Dr. A.
Dr. P,
Dr. J.

Dr, D,
Dr, R.

Dr. J.

and Applications

Henry - Environmental Adaptation
and Homeostasis
Norman - Radiation Physics

Meehan - Cardiovascular Control
Mechanisms
Norman - Radiation Biology

Meehan - Cardiovascular Control
Mechanisms
Schlag - Brain Activity

Walter - Neuroanatomy
Walter - Neurologic Disorders

Schlag -~ Vestibular Oculomotor
Functions

Panel discussion on Neurophysiology

Functions in Space

Field Trip to USC Centrifuge

9-12
1-4

9-12
A

Ames

9-12
1-h

9-12
1-4

Research

Dr. J.
Dr., D,

Dr, D,

Mr. P.
Mr. L.

Mr. L.

Hayward - Cyclic Function in
Mammalian Organisms

Walter - Data Analysis and Presentation

Walter -~ Data Analysis and Presentation

Center (see section labeled ARC)

Hahn - Biosatellite
Rovner - Data Acquisition

Rovner - Data Acdquisition

Study Groups

Field Trip to Point Mugu



Aug 25

Aug 26

Aug 27
Aug 28

Aug 29

Mon

Tues

Wed

Thurs

Fri

1. Class Hours:

iy .

Dr. W,R, Adey - Telemetry

9-12 - Mr., P, Hahn - Equipment Reliability
1-4 - Dr. G, Heuser - Neuroendocrine Function

Field Trip

Student Presentations

9-12 - Dr. J. Hanley - Psychological Problems of
Space Flight ’

14 - Dr, W,R, Adey - US and Soviet Manned
Space Flight Programs

A1l lectures will be given in 53-105 Health Sciences

9:00 am - 12:00 pm
1:00 pm - L:00 pm
(10 minute break at 10:30 am and 2:30 pm)

2, A final examination will be given on the last day:

Friday, August 29



The Imnar Biological Laboratoxry

By

Ronald Reed
Pauls Lippsett
Tim Byevrs
Keith Apelgren
Jim Blizzaxrd
Marilou Okano

August 25, 1969



The Imunar Biological Laboratory

The first biological laboratories based on the luner surface
could possibly consist of a group of test animals and the systems
necessary to maintain them for some determined length of ‘time on
the lunar surface. This single experimental group would then be
recovered for inspection along with the telemetered data obtained
during the actual experiment.

Although this is a valid experimental technique the proposal
of our group is for a somewhat more complex (and perhaps later)‘
experimental system which we believe will provide for more eff;q;ent,
more flexible, more numerous, and more prolonged experiments. Also,
in the long run, this system would prove less costly than most other
pr0po$als.

In:the hope of speeding production and cutting cosits by utf’
ilizing present day knowledge and develored systems to the fuliéét
we have‘selected the LEM descent stage as the basic vehicle in ouxr
experimental system. Of course, the LEM would be modified somewhat
in order to utilize all available space. Subassemblies removed to
make room for environmental and telemetry equipment would include
some of the batteries (due to an expected lower power profile for
landing), the BCS water, gaseous and supercritical oxygen supply,
the present Apollo experimental package, and the communication
erectable S5-Band antenna. The above space (approx. 50 ftj) would
be further suprlemented by saddlebag configurations on the exterior
of the present hull (amounting to aprrox. 30 ft5).

Matéd with this modified LIEM would be the actuanl housing for
the interchangeable experimenfal packages. The basic working unit

of the system (Lunar Biological Laboratory) is the "drawer," in

-1l -



which may be housed a great variety of experiments.

Bach drawer is conmnected to¢ the environmental and telemetering
systems of the LBL by four main connections--these will be discussed
in more detail later with relation to the basic systems in which
they are incorporated. Let it suffice at this point to say that
these connections (telemetry, power, waste, and nutrients) are to
be replicated in each experimental package designed for use in the

IBL so that they may be interchanged.
INSTALLATION

For launch the Saturn V rocket will probably be used much as
it has been in recent Apollo flights. If the total weéight of the
IBL is estimated at about 50,000 pounds (18,000 more than the LEM)
we s%ill have an additional payload capacity for extra construction
materials or experimental packages not related to the IBL in ex-
cesz of 40,000 pounds.

An initisl earth pexking orbit provides a period in which
the exact relative positions of the spacecraft and moon could be
determined. After necessary flight computations are made firing
of the third stage would carry the payload on a lunar trajectory.
SomewherehinAthis flight to the moon the adapter panels would bgy
opened and the IBL assembly would move away from the third stage.
Nearing'the moon the LBL would be swung around and a small engine
firing would slow it into lunsar orbit-~-where it would remain unﬁil
final calculations for landing had been accomplished.

In order to lessen the probability of landing the LBL in a
dangerously rousgh area the landing spot would have been selected
previously by exploring astronaut teams. When a suitable areg
had been found it would be marked with a radio beacon which could
be used to direct the LBL in its final descent from the lunar
orbit cglculated to take it over the landing site. Since the time
lag (1.25‘seconds on each leg of the earth~moon loop) would,be
too great for direct control of finel landing maneuvers it might
be feasible to have the landing monitored by astronauvts either
on the surface or in a lunar orbit overhead.

Inspection of the LBL on the lunar surface would be accom=

plished via Telemetry on earth and by wvisual inspection of &



following astronaut team. If all were found to be operationsl
this fteam Would return to their craft and bring out the experi-
mental packages which they had carried from earth.

Depending upon the distance of the astronauts vehicle from
the LBL & variably complex portable life support system (PLSS)
would be needed to transport the experiments to and from the LBL.
Upon reaching the LBL the astronauts would ascend with the pack—‘
age to the level of the "drawers." Here they would separate the
package from the PLSS after sealing its various external openings
(enabling it to be transferred to the "drawer"). After opening
an exterior hull door the astronauts would pull out a frame on
sliding rollers into which the experimental package could be
fitted and secured. Now the Power, nutrients, telemetry, and
waste hoses mey be plugged in. All that is left to do is push

in the drawer and secure the outer door.

SYSTEMS

Nutrients and Wastes

Two plugs will be provided for a combined nutrient and waste
use. The waste plug will provide passage for both urine and feces
as they pass from the bottom of the package. The nutrient plug
will actually have several purposes. 4As it enters the package it
will contain separete pathe for food, water, and air circulation
(divided :into an air input and an air output). It should not be
thought that once inside the experimental package these different
aspecte will be grouped in one place. On the contrary, once in-
side these lines may branch to wvarious points for peak efficiency.

The entire system would be so interconnected in its various
aspects that it would really be impossible to strictly divide the
wroblem intoc ome of nutrients and one of wastes. VWhat we are
planning for the LBL is a semi-closed system which would recycle
most of thiﬁwastes while still providing for removal of some of
them for study and replacement of some resources by attending
astronauts.

Besides trace contaminants carbon dioxide and water vapor
will probably be the two main ingredients in the atmosphere which

we will need to closely control in councentration.
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Carbon dioxide may be removed by electrodiaslysis--a system
having advantages over adsorptive methods because it is a static
continuous process and not a batch process. At present this me~
thod reguires some work to increase membrane reliability and to
improve efficiency, but with some research it should become a very
feacible method.

Removal by electrodialysis is bassd on the transport of the
carbonate ion, under the influence of an applied electrical po-
tential, through an ion exchange membrane. Discharge of the COp
from the carbonate is accomplished in an adjacent compartment of
the cell by reaction with hydrogen ions coming from the water in
the system. Physically an electrodialysis cell consists gimply
of alternating, spaced anionic and cationic ion exchange membranes.
Between each pair of membranes is a thin layer of ion exchange
resin. Carbon dioxide reacts with the anionic resin to produce
carbonate ion and hydrogen ions. The carbonate ions migrate
through the anionic membrane toward the anode while the hydrogen
ions move through the cationic membrane toward the cathode. The
Carbon dioxide and hydrogen ions react to form water and carbon
dioxide.

It should be mentioned thst in this system a small amount
of hydrogen and oxygen gas is produced within the cell-w~the oxygen
can be recycled to the experimental packages while the hydrogen
may be used for further treatment of wastes.

Posszible methods for oxygen recovery from carbon dioxide might
include the following:

1. Methanation of CO,. followed by pyrolysis of the CH

., Low pressure pyroiysis (2C0,—=2C0 + 02; 200-@»0024+ c)
. Bosch process (CO. + 2H-f>% + 2H_0)

. Fischer-Tropsch (80 + A—=C H_ % H,0)

. Direct electrolgsis“(002~4>0n+d 2)‘

Ul AW

At nresent methanation of CO, by the Sabatier reaction has

been proven s fairly successful mithod. The basic reaction is as
follows: CO2 + 4H2--———€>CH4 + 2H2O. Blectrolysis of the resulting
water liberates oxygen for the experimental animals and the hydro-
gen can be recveled into the same process. If the cycle were
allowed to continue in this fashion without an outside source of
hydrosen or recovery of the hydrogen from the methane produced

the entire gystem would gradually slow to a stop. The most direct



method to close this cycle is pyrolysis: CH4 C + H,. This final

resction is endothermic and must be carried out at very high temp-
eratures. Also it has been found that at present the conversion
rate is slow and frequent recycling is required. If this final
conversion of methane were not found feasible for the LBL the CH4
could be eliminated and hydrogen could be provided from one of the
many other sources (via electrolysis).

One additional method for oxygen recovery which is very ef-
ficient involves electrolysis of water vepor in the air. This
system, under development at Ames Research Center, has several

major advantages:

1. no condensation equipment is required

2. Qhemsystem is in some measure self-compensating and
adds to control of cabin humidity

. hydrogen is produced as =z useful by-product

. the system is gravity independent

. the cells are not contaminated by CO

. 2
. there are no moving parts

(R PR W

Urine could be regenerated into usable products by several
methods (e.g. compression distillation, air evaporation, and
electro&ialysis). However, the system of reverse osmosis seemns
to be almost a perect match for the LBL's requirements. Its
advantages include low weight, size & power regquirements; oper-
ation is at ambient temperature; by-products from the electrolysis
are not toxic and are further utilizable; no expendables are needed.
Further, it is vital that sterilization is inherent in this system
since a central processing unit for all the LBL's experimental
packages must eliminate the chance of disease spreading by chance
throughout the system.

In the reverse osmosis process urine is placed next to . a dial-
yoing membrane and subjected to a hydrostatic pressure that exceeds
the osmotic pressure of the solution (under these conditions water
will pass out of the salt solution devending upon the selective
properties of the membrane ). Prior treatments are necessary, how-
ever, to remove urea and other organics which might also pass into
the pure water through the membrane. In this cell this treatment
involves use of an electrolytic technigue which decomposes urea to
carbon dicxide, nitrogen, hydrogen and water.

Anode: 6Cl= = 3Cl, + 6e=

Cathode: 6H,0 + 6nat + Ge- —=3H, + 60H~ + 6Na”

The chlorine produced reacts with the sodium hydroxide by the .1l



following reaction: 3012 + 6Na” + 60H~ —=3Nal0Cl + 5Na+ + 3C1— +3H20.
The hypochlorite can oxidize the urea:

CO(NH,), # INaOCL—=H, + 3NaCl + 2H,0 + CO,
The overall reaction for the treatment would simply show the
treatment of urea with water to yield carbon dioxide,nitrogen
and hydrogen (CO(NH,) + H,0~>CO, + N, + 3H,).

The hypochlorite formed is & powerful oxidizer and disinfectant.
In addition to attacking and decomposing the urea it decomposes any
other organic contaminants and sterilizes the water. Total count
of bacteria in test samples has gone from 9,900,000 to less than
)/ml during an electrolysis run.

The reverses osmosis system then operates to remove the re-
maining inorganic salts from the input. It can be seen that as
the water is gradually removed from the salt solution is osmotic
pressure will rise. If nothing is done to remove the salts an
operating pressure of 5,000 lb/sq. in. would be required to remove
96.5% of the salts. It should be easily seen that some removal
of the salts will be reguired during the osmosis process. These
by-products will then be either discarded or wutilized in other
systems.

One of the most direct methods to dispose of the fecal mater-
ial which was not being stored for inspection at a later date
would be to place it in some type of chamber containing micro-
organisms capable of living with the feces as & food source.

It has been found that some microorganisms, by aerobic action,
con degrade as much as 97,» of the orgenic solids in feces to
carbon dioxide, ammonia gno, and methene. These gases could be
uged or vented into the lunar"atmosphere." The remaining mass
could be stored or incinerated to yield carbon dioxide, carbon
monoxide, and water,

Food for the specimens would not be provided through any
regenerative cyele in the IBL. It is our thought that it would
be more convenient for the astronauts to £ill food bins on each
monthly trip. This would give exrnerimenters more control ove:r
and more data concerning the exact nature of the animals' food.

Of course, in any consideration of nutrient supply, whatever it
may be, it is expected that some provision will have been made

for an emergency supoly.
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TEMPERATURE

Thermal variations within the LBL will stem from several sources.
Prom the external environment we will have to cove with fluctuations
in .the:lunar temperature itself due to the presence or sbsence of
of solar radiation. From within we are concerned with heat given
off by the animals because of metabolism, from various electrical
circuitry and components,. and froﬁ different parts of the waste and
nutrient regenerative systems.

Extreme temperature variations cauised by the lunar environment
will be avoided by maintaining some insulation within the walls of
the LBL. Pezak heat loads from outaide will also be combated by the
reflective outer coating which will cover the ILBL's surface. These
precautions will not be sufficient, however, to maintain complete
temper~ture control within the LBL. Depending uvpon the —experiment
in progress different experimental packages will require different
temperatures. A semiconductor heat pump, being by-~directional, seems
applicable to shift these inner heat fluctuations to our best ad-
vantage. (This process has been widely used in the Soviet Union and
has been used in this country in the SKAP reactor design.)

If the temperature regquirements of the LBL (we have no real
criteria for analyzing them at this stage of design since we are
dealing mainly with concepts) were found to exceed the limits of
this system a closed coolant system utilizing a “espace radistor" and
a water boiler for ceak loads could be used to adjust the temperature
within the limits of the semiconductor heat pum». The semiconductor
system would then be used for the more precise tempersture reguletion
required within the individual packages and some of the regenerative

life support systems.
TELEMETRY

Bach experimental package will be provided with apyvroximately
64 channels for telemetered data. These channels will be multiplexed

within the individual experimental packages so that the plug leaving



each package will carry only one signal to be telemetered. This
multiplexed signal will go inte a subcarrier oscillator where frew
quency modulation occurs. From the oscillators all the various
package signals will go into a mixer where they nre incorporated
into one final signal., This signal goes to the transmitter and is
relayed to earth receiving stations,

The exact data-gathering instruments will vary with the experi-
mental package Involved. As long as these packages do not exceed
the capacity of the LBL's system to relay information "anything goes."™
This is one further advantage of the cent}al LBL concept: +techno-
logical advances may take place in data gathering and instrumentation
without affecting the LBL itself.

It should be added that the same plug which takes the multiplexed
signal from the packages will also have the capability to relay toned

control signals from earth to the individual experiments.
POWER

Power for the LBL will be furnished by a SNAP-2 nuclear reactor.
This unit,: cohtaining about five pounds ‘of rnuclear material and op-
erating at 6% efficiency, will provide 3 kilowatts for the various
systems within the LBL. This SNAP reactor would be landed near the
ILBL so that a cable could be run between them. An unshielded SNAP-2
would weigh approximately 1200 pounds; when shielded to a point of
dosage of 2.6r at thirteen feet the total unit would weigh a little
over 3000 pounds. Since it would probably not be wise to have a man
move closer than this thirteen-foot limit it would probably be feasi-
ble to have a line shot from the INAP-2 upon touchdown to some distance
beyond this. The astronaut could then pull out the power cable and
safely connect it to the LBL.

Auxiliary power could be provided for the time until the SNAP=2
is connected, and in case of emergencies, could be provided by either
batteries or a hydrogen-oxygen Tuel cell. One advantage of this last
method would be that the water given off by the fuel cell reaction
could be added to the regenerative life support system. This water
would be gbsolutely pure so that no prior purification would be re-
quired before its addition to the system. Further, this fuel cell
could easily be refueled by visiting astronauts if necessary so that

it would be gveilable for even l:iter problems.




EXPERIMENTS

Now that the basic concepts of the LBL have been shown it is

probably fitting that a few experiments be suggested for use in

this system. Since the main components of each package have already
been mentioned it should be necessary only to give a few more de-
tails on the exact outputs desired and results expected in each
experimental package. In an actual IBL mission a set of prioritiés
would be established so that the areas of most interest could be
assigned the greatest number of drawers. For our purposes it is

not necessuary to be so formal at the beginning.

I. Cellular studies on the lunar surface using, among others,
developing frog eggs could be valuable preliminsry indications of
how human cells might function under similar conditions.

Fertilized eggs of Rana pipiens were used in Gemini VIII,
Gemini XII, and Biosatellite spacecrafts to study the ability of
the egg to divide, differentiate, and develop in the weightless
or nearuweightless condition. As early as 1894 0. Schultze noted
the response of frog eggs to disorientation with respect to gravi-
ty. Normally, the fertilized amphibian egg can rotate up to 180
degrees in the jelly capsule so that the animal pole is up and the
heavier yolk mass of the vegetal pole is down.ﬁ,If possible the
egg will reorient and establish the embryo axes. If the vegetal
pole remains upward, the resulting embryos are likely to be abnormal--
for example, with twin heads.

Because the results and interpretations of both earth and
space frog’ egs experiments are still somewhat controversial a
moon lab‘experiment based on similar procedures might answer the
question of whether a normal embryo can result from an egr fer-
tilized and allowed to develop under conditions of reduced gravity.

Although Rens pipiens normally has a seasonal reproductive

capability, frogs maintained at low temperatures in a physiologically
compatible medium and with antibiotic treatments can be used for

this experiment asny time of the year. The best experimentally de-
termined temperature to inhibit cell division without extreme
ebnormalities is 43 degrees F (6 degrecs C). Frogs would be kept

in laboratories near the lesunch site at 6 degrees C..

Three days prior to launch 100 female frogs would be injected
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at l2-hour intervals with 3 to 5 pituitary glands each to induce
ovulation. Two days later test fertilizations would be made at

room temperature and the developing embryos would be observed for
abnormalities in fertilization and development. From the 100 test
females three donor froge would then be chosen for the experiment
and three alternates would serve as their earthly controls., Several
hundred eggs would be collected and stored in petri dishes at 6
degrees C aboard the spacecraft. Also stored on board would be a
sperm suspension of macerated testes (2 testes/S cc spring water).

Shortly after landing an astronaut would strip the eggs and
expose them to sperm at room temperature for 15 minutes. Then he
would divide them into clusters of 10 and place them into a set
of acrylic modules containing pond wetexr (described below) and
install them in the experimental package. (An alternate method
for this experiment would involve packaging the eggs and sperm
separately.in the package on earth and have the fertilization done
automatically. ) _ k

The gecrylic modules would each be divided into two chambers:

a 20-ml ege chamber and an 8-ml fixative chamber (as basically used
in the B;osgtellite II frog eg:: experiment). Temperature cont?ol
maintainé aitemperature of about 70 degrees F (21 degrees C) while
the experiment ié in progress. Bighteen of the twenty experimental
acrylic mbdules have in the fixative chamber a glutaraldehyde:fixa~
tive in Qgﬁotically conditioned (sucrose) Sorensen phosphate Buffer
to give a final concentration of 2.5/% glutaraldehyde after mixiﬁg
with the frog eggs in pond water. A spring-loaded piston is acQ
tuated by”program to mix the fixative and specimens.

The first fixation is set for the time immediately after initial
placemeﬁ%'in the LBL. The second is fixed 40 minutes later to catch
the stage between the first and second cleavage. Next at 2 hours,
25 minutes fqr nreservation of the eight cell stage. Continuous
fixationsawguld then be made until complete embryos are expected.
The last;tﬁq chanmbers would remain unfixed in hopes of returning
some live embryos to earth. This entire experimental package_coﬁld
be pickéd}up gfter the first 28 days of the LBL's lunar stay and
would then:be’brogght back to earth for histological examinstion.

If the results of this exveriment were as most earth scientists
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predict we would find that reduced gravity should be adequate for

normal orientation, growth, and development of the frog egg. This

experiment could then be extrapolated to a liuman situation only as
far as frog eggs can be compared to human eggs.

References:
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II. An interesting correlate to the above experiment would
use almost exactly the same equivment to study the effects of
reduced gravity on regeneration in plangria. The planaria could
be cut or sectioned as desired on earth and cooled during the

lunar flight. They could then be placed in the LBL and fixed af

different time intervals to see how quickly regeneration was oc-

curing.

I1I. Another reproductive exneriment which might be more di-
rectly applicable to man would involve use of rats or mice. Thé
animals'&ould ve given hormone shots prior to flight and oncefaﬁ
the lunar surface males and females would be placed together so
that mating could occur. Photographic monitoring would probably
be desired to observe the progress of pregnancy. After one month
an astronaut could pick up litter specimens for return to earth

while others would be left to grow and develop in the LBL. -

IV. Since man will be working on the moon for extended periods
in the fufure it will be desirable to learn not only the effect of
prolonged reduced gravity on the muscles themselves but also the
effects uron co-ordination.

In order to test the adantation of mouse co-~ordination (neuron
muscular) to the 1/6 g environment of the moon and subsequent re-
adaptation to earth's 1 g a small colony of mice would be trained
on an obstacle course magze some weeks prior to launch. They would
be fed regularly except during testing periods, when food dispensing
would stop in order to increase motivaetion to cross the course in

order to obtein a food reward. Each run through the course would
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be +timed and an automatic photograph would be taken to record which
mouse had made the run--only one mouse at a time would be able +to
make the run.

It would be expected that the mice would have difficulty doing
pre-learned co-ordinated movements immediately after landing on the
moon. After a few days, however, their body balance reflexes and
neuromuscular co-ordination should have adapted sufficiently +to 1/6
g to make "normal" co-ordinated movements possible. Upon return to

earth's 1 g a similar adaptation should occur.

V. To test the oculomotor co-ordination of a monkey during
prolonged reduced gravity a monkey, fitted with EEG equipment,
would be trained prior to lasunch in some game similar to that used
in the last Biosatellite. The reward for playing this game cor-
rectly would be an sutomatically dispensed food treat.

The actual game in this experiment begins by alerting the
animal with the flashing of a cue light. One light in a 3 by 3
array then ligzhts up, followed by some adjacent light and then
the third in that line (whether straight or diagonal). The monkey
would then have a given length of time (approx. 5 seconds) to
press the button which continues this sequence. The game would
be pléyed in sets of 5 trials each with a short rest between each
triszl. About 3 sets per day might be played after the first few
days in the LBL, but during those first days testing should be more
intense to maximize data during the ecarly stages of adaptation.

Initielly there should be some noticeable difficulty in hand-
eye co-ordination in 1/6 g for a short period; however, adaptation
should soon occur and the normal co-ordination restored. Of special

interest would be readaptation to earth upon recovery ©Ff the package.

VI. The degree to which mice run in a running wheel should be
proportional in some way to their ease in mobility; We would expect,
therefore, that as they adapted to 1/6 g their ease of mobility and
subsequently their amount of running would increase. If other factors
beecame involved (such as muscle atrophy) a corresponding shift in
running activity might be expected. This experiment, using only one
date channel to record revolutions of the running wheel, could very

easily be incorporated in some other experimental package using mice.




VII. In order to determine the extent of muscular atrophy

pessibly indicated in the preceding experiment (as well as other
such things as organ size and weight, amount of body fat, eﬁc.)

a colony of mice would probébly be maintained in one of the larger
drawers or in several smaller drawers. Bvery thirty days 2«3 of
these mice would be sacrificed on the moon and stored (possibly in

ligquin nitrogen) for return to earth and a complete examination.

VIII. Using microorganiems experiments could be developed to
test for recombination and growth rate under prolonged low-g. For
the recombination experiment Escherichia coli (lactate+, arg- &
lactate-, arg+) would be streaked in an X-form on a set of petri
dishes containing minimal asgar. They would be frozen until placed
in the ILBL on the lunar surface; the temperature would then be
adjusted to 37 degrees C. The time lapse before growth occurred
would be measured. o

In a growth rate experiment E. coli would again be placed on
petri dishes and placed in a LBL package. Actual collection of
data in these two experiments could be accomplished by several
methods—--meny of which have been proposed for use in missions de-
signed for detecting extraterrestrial life.

One method would involve the use of a camera to take periodic
pictures qf the cultures. Contrast for these shots could be ac-
complished by growing the cultures on a media of eosin methylene
blue (8. coli show up white on this red agar). Other methods might
include gravimetric methods, a silting index, electronic particle
counting, metabolic monitoring, or other optical techniques.

Depending upon the original culture size, number of cultures,
and methods of measurement it is doubtful that this one experiment
would take up the space of one full package. Therefore, this space
and data channels could be economized by fitting another experiment
into the same packsage.
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IX. In this experiment a macaque or smaller monkey is used %o
determine the effect of reduced gravity on several cardiovascular
paraneters in primates. If isoletion were found to be a crucial
point in obtaining valid data two smaller monkeys might be sent in-
stead of one larger one. In order to give the experimental animals
vlenty of room it might be advisable to combine two adjacent drawers
into one unit. This would probably not be a difficult job from the
engineering standpoint (involving a change in package design on
earth and not in LBL design) and in addition to space would provide
facilities for twiqe the power, telemetry, etc.

(a) Heart rate would be measured by an BKG hook up. Blectrodes
would be implanted in the region of the right arm and left leg. (1%
is our thought that in a long-term experiment such as this, implanted
electrodes would be more preferable to avoid their removal by the
enimals. HFurther, implanted electrodes encounter less resistance
and the signels meet with less interference and "noise.")

(b) Strokke volume would be determined by impedeance measure-
ments across the heart via implanted electrodes. e

(c) Displacement transducers implanted in the animal will also
serve to give data on blood pressure. These measurements should be
taken in such regions as: vena cava, an arm artery or the aorta,

a leg vein, and the carotid artery. ‘

With all these measurements it would probably be wise to éup~
plement with an BEG so that we would know whether the animal wes
resting or active when the measurements were taken. Another valuable
parameter would be the heart size and position after adaptation.to
1/6 g is accomplished. This could probably be recorded after the
termination of the experiment using a standard X-ray device. :

Blood samples could be taken sutomatically via a catheter (using
a heparin solution) and stored for removal by astronauts a2t 30-day
intervals. These samples would be analyzed for changes in cell
shape, white & red blood counts, clotting time, etc. Furthermore,
hemocrit readings must be made to note the per cent of hemoglébin
in the cells.

In the actual experimental situation it would be nice if the
subjects were free to move about so that a better picture of low-g

effects under "normal" working circumstances could be obtained. .
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However, in this case there is a distinct possibility that the
animals would tinker with the instruments--~the catheter might be

a particularly attrective target. To minimize damage to the

wires and other eguipment the animal could be fitted into some
suit which would restrain movements to reach the apparatus. If

it were found necessary to fasten the animal in some type of

cheir (as in the Biosatellite program) as much freedom as possible
should be left the animal and some mechanical means of exercise

might even be employed.

X, Many scientists have been concerned about the possibility
of bone demineralizaetion under a prolonged weightless or low-g
condition. Early manned space flights (e.g. Gemini III & IV) re-
vealed that the astronauts experienced significant calcium ion
losses, which, however, were quickly recovered upon return to earth.
The results from Gemini VII and the Apollo flights, notably Apollo
X, indicated that the time of flight wase not the chief factor re-
sponsible for skeletal loss during space missions. Bxercise and
diet seem to play significantly more important roles in the rate.
of calcium loss from the bones. o

It;is‘no{ wise to become overconfident in this area, however.
To date the limit of man's exposure to weightlessness at any one ,
time has been legs than a month--a Mars mission would require about
1—2'year$, A moon laboratory experiment could provide some answers
to the prglonged effects of reduced g forces on bone metabolism. .

(a) Diet vs Calcium loss==Three rats would be placed in separate
boxes and kept under similar environmental conditions except fér the
anount éf calecium in their diets. A diet of 0.5, 1.0, 1.5 man

equivalents calcium/day could be maintained. Each month a visiting

astronaut could teke the package to his craft and take X-ray photo-
graphs of each rat using é technique similar to the one which has
been deVeiopedfby Dr. Pauline Berry Mack of Texas Women's Univ.
(Alternately, the rats could remain in their boxes continuously apd
the X-rays taken by remote control if a suitable technigue could be
found to insure that the rats would voluntarily place themsélves in
the proper position prior to each X-ray.) These X-ray photographs
could thénkbe returned to earth for comparison to those of contrgl

groups. . .
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(b) In o similar experiment the tibia oif mice, or primates,
could bhe notched using standard laboratory technigques before launch
from earth. X-ray studies would be made periodically for comparison
to controls on earth.

(¢) Both the sabove experiments, and indeed almost any animal
experiment,could employ urine and fecal analysis., The urine could
be collected and analyzed using a device similar to the closed
system one proposed by Dr. Rho and Dr. Pace in Biosatellite III.
for at least calciuwn, creatine, and creatinine. The feces of the
subject could also be recovered for analysis on earth. Agein,
the necessary pre- and post-flight dats and data concerning the
dietary intake should be obtained to further vslidate any results.
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CONCLUSION

Althouvgh this report is by no means complete it is our hope
that it has sepved its purpose--to get across the basic concepts
of the Lunar Biological Laboratory. We have avoided being spe-
cific in several areas because it would be more than slightly
ridiculous for scientists of any kind to attemnt to move directly
from the beginning concept to the finished product.

e have tried to desgsign the IBL around several basic prih—
ciples: flexibility, efficiency and, perhaps most important
from the point of wview of our goals, endurance. For some +time
the trend in space sciences has been to "throw away" components.
It has been our hopve to demonstrate a reusable experimental
naclage just as there may someday be reusable boosters.

The group which composed the wvarious components of this

er would like to add one last note. Although the rescarch

for this paper was interesting and educational, although we
enjoyed working out some of the problems involved and discus-—
sing the various aspects among ourscelves, we have also sowmetimes

felt that this project (instead of +the Lunar Biolosical Laboratory)
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should be namned the Biological Unmanned Lunar Laboratory Sitting

High In The Sky.
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TITLE: PROJECT GALILEO

HYPOTHESIS: Through properly contolled and monitored animal experiments
conducted on the lunar surface, man wiil be able to pree-
dict his vital capabilites for long periods of time sgpent
on that surface,

EXPERIMENTAL DESIGN: Project Galileo has been divided into four major
areas of concern ., These are:

(1) Mission Profile and Lunar Operations
a, launch sequence
b. surface structural design
c. surface mobility needs and designs
(2) Physiological Experimentation
a, experiments to be conducted
b, design configurations
(3) Life Support
(4) Power and Data Acquisition

Bach of these areas will be discussed and interfaces will
be outlined,



(1) MISSION PROFILE AND LUNAR OPERATIONS

a, Launch Sequence

000:00 Stage 1

A large fuel cell, weighing approximately 250,000 1bs when full,
and an attached Lunsr Lander (LL), weighing approximately 13,000 1bs
when empty, are put into a prescribed orbit by a Saturn V rocket.
The L1 at this point contains all the materials that are needed to
construct the moon lab, the experimenctal animals, their 1life support
needs for 45 days and all their experimental apparatus. In addition,
in=flight 1life support needs for the 6 man crew, who will take the

LL to the moon, and the animals contained within are stored here,

The L1 vehicle consiste of a descent stage with an attached
section for the storage of all the above mentioned materials, and
an ascent stage capable of 1ifting the six men, their life support
needs and an additional 1000 ibs off the lunar surface and putting

them on & path for the orbiting fuel cell,

001:00  Stage II

The lunar mobility vehicle is launched by the Saturn V using
only the first two stages, and equipped with the necessary adaptors.
It resides in a package capable of being softe-landed on the moon and
comprises about the same mass as the LEM in use in the Apollio Program
(32,000 1bs.).

Once launched the package 1s gulded by remote control to a
goft landing on the moon near the prograsmed laboratory area in the

crater Cemsorinus, The landing site should be no farther than 1.5 miles
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from the proposzed lunar lab site. On 2 signal te be glven by the LL
erew before their touchdown, the legs of the package, contsining the
funar mobility vehiclie collapsed and the side open to expose it and
provide an exit ramp. A second signal initiates movement In the LMV
and telemetered position readings enable ground crews te direct it

to a standeby position near the landing area,

002:00 Stage I11
A Thor Agena rocket launches a capsule containing 6 men into
orbit and the second stage of this assembly &llows a rendevous and

docking with the orbiting fuel cell and LL.

The crew launched is carefully plicked and intensively trained
for the missionn. Some of the psychological parameters which are
important considerations for maximum efficiency of the astronauts

include:

i. isolation and confinement

2, sexual deprivation

3. senze of time

4, encounters with alien factors on other planets

Some physical parameters which should be considered include:
{. strength
2, coordination and reaction spsed
3, dial reading
4, instrument Interpretation
5. sensory acuity

Some behavioral parameters which should be considered include:
. intelligence

judgement and comprehension

mechanical relations

visual izavion of vehicle movements

orientation

©
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Some other considerstion are;




i. interests

2, attitudes

3., motivation

4, personality variables
5. training of men

All the men will be cross-trained to a certain extent, but their
main fields of interest and training will be as follows:

command pilot
plilot-enginecer
astrophysicist
MD-physiologist
geologist
engineer-physiclogist

pd st e o panh wad

After docking, the 6 men are transferred to the lunar lander
where they check on all materials to be sent to the moon, the life
support systems for themsalves and the 1ife support system and physical
condition of the experimental animals, In addition, they make sure
that the proper fuel levels are being maintained in the LL and that

all its technical equipment is in working order,

Having accomplished this, the LL is separated form the fuel cell
and 6-man capsule and begins the acceleration to escape Earth gravity.
After an extended fire of the LL descent engines, injection inte a

lunar trajectory is complated,

005:00 Stage IV
Nearing the moon, the command pilot begins deceleration and
accomplishes lunar orbit. Further eritically adjusted velocity changes
put the LL finto position for the lunar landing. At this time also the

LMV is summoned from its package and placed in the stand-by position,




The landing is made in the Crater Censorius (-0°24°%0" 1lat, and
+32027929% jong.y in the Mare Tranquillitatis, Selection of this
site was made on two main criteria, They are:

1. It is located on the visible side of the moon thus aliowing
constant telemetering of data from the lab to Earth, It is one of the
brightest points on the whole moon and is always consplcuous,

2, It is located in an area which hag bsen well mapped, being

quite near the site of previocus Apollo missions,

005:02 Stage V

The LL supplies are checked and put in a readiness position, The
emergence ladder is unpacked and the crew lowerss itself to the sure
face, At this time the area is examined to determine the best location
of 1ab construction,

The LMV is brought to the Ll after site selection and the mater&il
for the lunar lab is removed,

Beginning with the placement of six thermal-radiation shield-
holding pillars sunk into the ground with the use of a small, electric
powerad dust digger, and finished with the inflation and rigidization
of the laboratory structures and thermoe-radiation shield protecting
it, three astronauts have consummed about 2,5 hours of working time,

The other three have been engaged in the transportation of a
% ton nuclear reactor to a position about 90 feet from the laboratory
with the help of the LMV and in the digging of a hole for {its
placement with the same or a similar dust digger., Soon after readying

the reactor, they have covered the thermo-radiation shield, itself
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12 inches thick, with 6 to 8 inches of lunar dust. A conveyor belt -
agsembly attached to the dust digger has aided them in this latter
task,

The astronauts then impiant hatch assembiies in the lunar lab
wall, After sealing these, two men accomplish the interior arrangement
of the lab « the laying of the aluminum grating floor and the construce
tion of the insualted and air tight interior structure wall, Two others
are involved in deploying the airlock for the laboratory, while the
rest return to the LL to check on the animals and experimental apparatus
and prepare them for the trip to the lab, Total time for this is about
3 hours,

A;ter airlock construction and internal arrangement is provided
for the 1ife support system components and regusltors are transported
to the lab, positioned there and called upon to adjust the internal
environment to a 80% Np/20% 0, atmosphere of 360 mm pressure, the
temperature regulating system is flushed, plugged into the power source
and set to maintain 70 to 72° F internal temperatures for the
iaboratory,

After a reagonable interval for establisheing the proper internal
environment (4 hours), the transportation of animals and equipment
into the lab is begun, After completion of this phase (3,5 hours),
the astronauts check all activity sites and take off 8 hours for sleep.

Awaking and taking any rations they which, the crew members
break into teams to construct the experimental apparatus and to put
it all into working mode, This part of Stage V last until 8 hours
bhefore the end of the fifth day, at which time all stations and functions
are tested to see if information is being telemetered and monitored

properly, Once assured of this, they return to the 1l.

¥




010:00 Seage VI
All systems on the LL are checked, Assured of performance
optimus, the astronauts separate the ascent stage form the descent
stage and ignition occurs,
After lift-off, the ascent stage powers the crew to lunar orbit

and subgequently inte an Earth orbit trajectory.

013:00 Stage VII
Docking with the fuel cell occurs s0 as to allow for automati ¢
interim refueling of the LL ascent stage. Transfer of the crew to the
original capsule occurs and separation is affected. The capsule orbits

and re-enterg with use of retro rocket power,

033:00, 064:00, 095:00, 126 300, 157 ;00
Stages VYIY « XII

Thor Agena sends 3 astronauts in a capsule attached to what will
become the descent stage of the LL with its lunar ladb life support
and equipment needs, into orbit, Docking with the fuel cell and LL
is accomplished and EVA is directed at attaching the new descent
stage of the LL to the ascent stage, Separation and injection into
lunar trajectory occurs, After landing the necessary equipment and
1{fe support material are removed, A five day stay during which the
astronaute-scientists manintain the lab and perform experimente ends
with their launch, after separation from the L1 descent stage and
nominal trip back to Earth, After LL docking and shut dewn, the

erew separates and returns to Earth in their original capsule,




188:00 Stage XIII

The mission is exactiy the same ag VIII thru XII except for the
following:

1., No iab life support materials are transported to the moon,

2, The initial crew capsule is accompanied by 2 smaller LL
descgnt stage next to a beefed up LL ascent stage which provides room
for materials and animals to be returned to.Earth.

3, Crew members shut nuciear reactor and lab facilities down and
transport animals and carefully processed waste materials back to the
Eartheorbiting fuel cell, The animals and men separate and return
to Earth almost {mmediately, The waste material is retrieved at a later

date,




b, Surface Structural Design

The structures on the surface of the moon, which have been spoken
of before, are discussed here,

The first requiremnnt i{s that of the lunar lab, building itself,
The outer walls consgist of a honeycombed mesh of fiberglass strands
impregnated with polyurethane re&in, This structure is inflatable
and, once inflated, is rigidized with & cbntrolled release of water
vapor containing 0,557 trimethyl amine. The complete process of
inflation and riglidization takes 40 minutes and requires one man to
do {t,

Square footage ratios, collapsed to inflated, are 1:330, An air
baldder protected by a buffer insures total infiation and holds in the
required pogition during rigidization,

The honeycombed structure itself was chogen for two reasens,

The first is that a porosit§y control is maintained so that it can be
expanded fully, The second is that impregnation with the resin is
made more complete,

The attractive features of the polvurethane resin are:

1. A high degree of control in impregnation,

2. Degrea of chemical cross linking can be controlled,

3, The strong interemolecular forces that result from the urea
and urethane 1likages,

4, The material is nentoxic,

5. The urethane foam is a good protection against meteriteés.

Another factor which makes this lab a reasonable option is that
the same catalyst vapors that are used to rigidige the structure

can be used to inflate the air bladder,



Now to the overall structure of the lab, It will inflate in the
shape of a hexagon, Three factors made the structure of that shape
appealing. The first is that the hexagon is a stable structure with
good lead carrying capabilities, The second is that square footage
in it is at reasonably high values in relation to its parimeter
meagurement, Finally, interfaces with other structures needed or wanted
in the future can be easily and efficlently arranged, The lab will
have the operational configuration shown on the follewing page,

The floor is of aluminum grating., ARout 3040 sq, ft, will be
needed, Eéch edge of the hexagon is 40 feet, The helght of the etrucutre
is 8 feet, The size of the deflated structure in canister transfer
is approximately 1 ft.,X3 ft. X3.1 ft,

The airiock is made of the same material and is cavefully sealed
to the side of the laboratory. The external hatch eopening is variable
in that a hatch within a2 hateh is present, This will allow both large
and small loads selectively, The air lock is not thermally protected
but otherwise is supplied much as is the lunay 1&5,

The pilliars spoken of bafore are 4 feat on an edge andbare square
in configuration, They too are constructed of the same material as
the lab, Thelir arrangement i1g at the peints of the hexagon., After
sinking them 3 feet dowm below the lunar surface their helight 12 re-
duced to 14 feet, They avse rigidized and filled with lunar dust,

The shisld referred to is & square 80 feot on an edge, With the
6 to 8 inches of lunar dust it receives, this shield provides effective
micrometeoreid and thermal protection for the lab, and 1limits radiation

dosages to those able te be hazarded by animals and man, It does, in
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effect, bury the station a few feet below the lunar surface without
the dust movement and structural limitations imposed by thet sort
of program,

In case of future interface with other structures, the shield

is sasily trimmed and united with other similer structures,




e, Surface Mobility Needs and Dagigns

It will be necessary to earry large amcunts of materdial between
the LL and the lab, ' To accomplish this we have decided to use a vehicle
known as a Prime Mover (with a trailer of ROBB) which has been
developed by the Bendix Corp. and named the Lunar Mobility Vehicle
(LMV) by us, It has a carrying capacity of about 3000 kg and can be
manned or direeted by remote control. Running on rechargeable batteries
it could easily last out our lunar mission®s time duration., It has a
15 km range and a maximum speed of 8 km/hr, The wheels consist of
elastic metal rims supported by spokes of a similar material, and are
driven by individual electric motors and transmissions, The method
ysed to transfer the vehicle from Earth and to introduce it into the
laboratory area has been explained, The picture on the following page
shows the LMV,

The only other automated extra=-laboratory vehicles is the dust
digger equipped with conveyor extension, It can be operated by remote
control and has a range with a radius of 1,5 km, The wheels are
similar to those used on the LMV and the power source is a rechargeable
battery, The conveyor hoom is long enough to permit complete coverage

of the thermo-radiation shield,



LUNAR MOBILITY VEHICLE

(LMV)




(2) PHYSIOLOGICAL EXPERIMENTATION

The primary objective of our studies is to determine man®s
ability tofive and function satisfactorily for extended periods
in a low gravity environment. We have thus aveoided, for the moment,
questions of more general biological interest., It seems more impore
tant te us to first focus on the possibility of man living in a
1/6 G environment, If such an environment proves favorable for man
further studies of 2 mere general biological nature could eagily
be pursued, We thus propose to subject for a six month perled certain
laboratory animals to the moon®s gravity, monitoring vital physio~
logical parameters as frequently as is safe and practical,

Due to man®s predominantly erect stature and resulting need
to transport blood for some distance against Earth gravity, one
must first consider the effects of reduced gravity on cardiovascular
dynamicg, Since man 18 the only truly erect animal, choosing an
experimental animal purely to study orthostatic tolerance is a
difficule problem, The giraffe would indeed provide an interesting
gtudy , but moon trips for giraffes seem to be a hell of an engineeering
problem, We have decided to study the cardlovascular dynamics in

the monkey Macaca mulatta, This entails a considerable extrapolation

to man, but we feel that the present state of physlological knowe
ledge of primamtes is greatest for the monkey,

Three monkeys will be surgically implanted prior to flight
with telemetry devices capable of measuring and transmitting body
temperature, EKG, blood pressure in right ventricle, left ventricle,

and acrta, Three other monkeys wiil be surgically implanted with




telemetry for EEG, EOG, and brain temperature, The well-healed
animals will be éarefully restrained only during transport to and
from the moon, In the moon laboratory the six monkeys will each

be placed in separate cages (36 X 36 X 48 inches) arranged in a
circular pattern around a large center cage (48" radius; 84" ht,)
into which each cage has an entrance, All seven cages have an inner
structure of stainless steel bars,An outside layer of plexiglass
with appropriately placed hatches permits the use of only one 1ife
support system for all six animals while allowing complete individual
{scilation in case of death or need for quarantine, Each of the
outside cages is equipped with & monitored water and food supply.

In addition there is & retraectable "Skinner" lever to which the
animal is trained to respond upon a light cue, The lever is specially
designed to Increase regularly the tension required to present a

food pellet, Thus after a sixteen hour starvation every three days,
the number of times the animal is able to pull the lever to feed
himself will provide a measure of his muscle strength, Waste products
will not be assayed constantly in these animalg, and instead will

be allowed to pass through coarge grating and conveyed to a waste
disposal area,

The center cage 18 provided to allow all six animals more

freedom of movement &8 in a g2oo environment, Each animal is, however,
trained to enter and leave the cage upon & specific auditory cue,
In addition, the bottom of this cage can be turned into a treadmill
for the sake of periodically measuring cardiovasecular work capacity,
Finally, the cages are provided with & closed circuit TV for making
basic visual obsevation of the animals® performances, This entire

seven-cage get-up is then isolated in one particular room of the




moon 1lab and is initially set for a 12/12 day/night cyele,
Under these conditions, the basic pattern for monitoring the
six monkeys iz as follows:
Three Cardiovascular Monkeys
DAY/NIGHT CYCLE

1ight: 8AM to 8PM

FEEDING
day 1 8AM and 4PM
day 2 8AM and 4PM
diy 3 8AM present lever and cue, and 4PV
eld.
TEMPERATURE

daily, once every hour
OTHER
daily: EKG, bp 10 AM to 2PM

exercise 12 noon to 1PM, 20 minutes each
10 PM to 11 PM

Ihree EEG Monkeys

DAY/NIGHT CYCLE

light: 8AM to 8PM
FEEDING

same as above
PEMPERATURE

same as above
EEG, EOG

10 to 12 PM every night
8 PM to 8 AM for one monkey each night

Due to size and urine collectorriconsiderations, rats were
chosen as our primary subjects for monitoring mass, mineral metabolism,

fluid balance, and ventilatory gas exchange, Seven rats surgieally




teiemetered for body temperature are placed in seven separate sealed
plexiglass chambers (18 X 18 X 18 inches) arranged in a circle
similar to the monkey cages, each chamber leading into & center

e ighing' chamber of the same size., A slanted metal tray beneath
each rat fummels urine into a glass burette from which 20 lambda
samples are taken every 6 hours and transferred to a4 urine auto-
enalyzer to determine concentrations of caicium, creatine, catechol-
amines, and SMA, Each chamber has its geparate, specially designed

1ife support system that maintains a constant 0, concentration,

2
monitoring O, uptake, A COp electrode also monitors the partial
pressure and triggers a flushing out and restoration of the cham-
bers?® atmospheres at a specific €0, concentration, Relative humidity
is also monitored in each cage to determine the amount of water
expired,

The center chamber is primarily used for weighing fhe animals,
The rats are sequentially allowed to enter the chamber, registering
a mass reading, Return to the home chamber triggers resealing and
opens the next chamber to the scales, Body mass will be measured
once every other morning,

Bone density in each rat will be measured weekly by a
fluoroscope, The fluorcscope is mounted on & circular tract rumming
above the circular arrangement of the cageg., The scope stops at

each chamber, swings down, triggers a food switch to orient the

animal, then takes a picture,

1



nerimental set -ups precented above provide FTairly

constant informetion regarding the physioclogical states of
the experimental animals and 3% not require the presence of
man more than once a month. At this time, aside fegrm some
general maintenance vprocedures, the three men should conduct
a series of basic medical tests on selected laboratory
animals.

Since 8ll e animels monitored above are predominantly
unrestrained, blood collection during the unmamned part of
each month is most difficult. Thus thorough studies of blood
chemistry and hematology should be made each time the lab is
manned. Basic hematology tests should be run on each of the
animals mentioned above: rbe, wbe, hematocrit, hemoglobin,
and differential counts. General hemostasis tests should also
be run on each animal: platelet counts, bleeding time, clotting
time, andé plasma prothrombin time. Blcocod chemistries should

++
include glucose, Ca , pH, p02, pCO?, total and free choles-
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terol, thymol turbidity. An autcanalyzer cen casily b

up to analyze each of these parameters, in addition, extr

o

bilood samnles should be FTrozgen and stored to return to Zarth

for assesment of guch blood components as ACTH, GH, etc.

A series of more Formel structured tests should also

i)

be rerformed, Glucose tolerance tests should be run on each

monkey. reasurement of total blood value and total and

5

cexiracellular body water snould be made on tne six monkeys
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and 7 rats. Also, pulmonaxy

in each monkey oLy subjecting the monkey to differents




percentases of Og and measuring the resuviting wvalues of pOQ,
pOOR, and pH in toe blood. Cardiovascular effects of 1/6 G
can be studied with the three monitored monkeys usingz both
tilt-table tects and a small centrifuge, .returning the
monkeys to & 1 G or greater grevity field.

In addition tothe seven c]uu@i\ monitored rats, thirty=-

eight other rats are to be brought to te moon lab. Anong

these, three should be females in the early stages

vregnancy to be separated fepn the other ravs and supplied

witi: food, water, and necessary nesting materials, Hopefully,

these fenales will provide offsvring tha will have never
known a 1 G environanent. In addition, 7 females and % males

will be included in aqérea capablce of maintaining a small

[b)

colony of rats. This set should provide us information on the

effects of 1/6 T on conception and on reproductive patterns.
A monthly check on the »nrogress of tiiis colony should at

first be sufficient, but allowsnces for TV monitoring should

more freguent checks are indicated.

Twenty-three rate thus remain to be caged separately

\)J

and used as replacements oxr for specific monthly tects of
otolith and semicircular canal gensitivity. For otolith

sensitivity the rat is ploced in o large barrel allcwed to

t is to

[}

spin at o roelatively low speed. The objicct of this te
see how readily the rat can megintain the lowest vosition in

the barrel. In addition, it mzy also be possible to have

cove al rats, in which micyo-zlectrodes nave been specifically

U




implanted, to measure the rate of the firing of the efferent
nerves of the otoliths. This same micro electrode technigue

can be used to monitor semicircular cansl sesnsitivity. By

vlacing the animal in different orisntations, it will be
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detect the long term effects of 1/6 G on these
two sensitivities.

As = final test of the effect of the moon's gravity on
orientation, basic psychomotor tes's should be performed on
several of the monkevs each month. Prior to flignt, each monkey
is taught to distinguish among four or five different symbols

and is tausht to match a nrescnted symbodk to the appropriate

{

symbol on a small panel. Each month, the monkeys are tested

with respect to recall, time to rcitrain, and the effects of

5]

a

auditory and visual cues. A careful experimenter can use these

test methods to study hicher mental processes such as vigllance,

.

ttention, memory, and problem solving.

©

We fTeel thaet in order to obtain the most neaningful
results from cur moon laboratory, a control situation, iden-
tical in every respect but gravity to our moon lab, should

be set up on Harth. Ianitiating the Sarth "moon" labvoratory
several months vprior to the lunar laboratory will help foresee

-

any unexpacted technical or biologzical yproblems that an

unmanned laboratory may pooe as well as provide more meaningful

controls for the salkke of compearison.

It is our Pasic understending that the tihree areas of
most concern in a low zravity environmant are blood pressure

disorientation.

lability, musculoskeletal deterioration,




We feel that the above experiments sufficisntly cover this

ares. Une must not assume, howoever, that an unexpected effect
of low gravity will not show itself in a long term situation.
It is to this end that other ewxperiments basically of a
general medical diesgrnostic nature, are pronosed,.

Wé are confident that the physioclosicel problems imposed
by & long term 1/6 G situstion can be surmounted by the many
homeyostatic mechanisms inherent in man. We feel, however,
that such confidence should ve substantiated by sufficient
preliminary temting with experimental animals. The lunar
laboratory delineated above is how we nropose to obtsin this

evidence,



(3) LIFE SUPPORT

To minimize the h@zards of fire, it has been suggested that a
two gas mixture of Ny (pp 160 torr) and 0, (pp 190 torr) be used.
Five tests using pure oxygen at 3,8 to 7.4 psi were run on six subjects,
It was found that such an atmosphere could be tolerated for periods
of up to fourteen days, However, minor physiological alterations were
noted in each case, A pure oxygen atmosphez;e can be used for the
pressure suits of our astronauts for periods of lezs than 14 days,

Acceptable pressure ranges in the inhabited area vary between
285 and 362 torr. A low pressure level of 196-260 torr is to be used
in the space sult bacause of the pure oxygen atmosphere,

The oxygen is supplied by the electrolysis of water, This water
input comes from metabolic wastes as well as the water produced by
the hydrogenation of metabolic COy.

The CO2 is removaed from the laboratory atmosphere by means of a
regenerable zolite molecular sieve, The carbon dioxide is processed
to reclaim the bound Op, The sieve has an affinity for both Hp0 and
€02, This affinity is stronger for the water, so the air stream must
be dried before passing through the sieve, This is accomplished by
the use of a bed of silica gel. Both the molecular sieve and silica
gel are regenerable, therefore two paraliel paths are included to
provide for the continuous removal of (0, and the periodic
regeneration of necessary materials, The Sabatier reaction involving
the hydrogenation of COp to Hy0 and CHy is utilized, The reaction is
exothermic and heat must be removed in order to maintain a constant

reactor temperature, The reaction takes place in two steps:



(1) C62 + ﬁz:““*% CH4 + HZG

(2) The H20 vapor is collected, condensed, and electrolyzed to
produce usable 0ye
The 09 is dried and supplied to the laboratory. The Hz ie then mixed
with the CO, output from the regenrating sieve and reacted with a
catalyst to form more Hzo and CHA. The water is then consensed and
transported te the H20 management subsysteﬁs for purification,

For the Lunar Lander, LiOH is used for CO, removal, It reacts

2
chemically with the CO, in the presence of Hzo vapor a8 a catalyst

to produce Lico3 and HpO, The humidity of the cabin alr is suitable

as a catalyst and the reaction is exothermic,

The temperature control of inhabited areas is accomplished by
removing the heat as required from the lab air, The air is recirculated
through a glycol heat exchanger. The heat is then ejected into space
by means of a radiator, Major components of the temperature control
subsystem include glycol to arrange the heat exchanger, recirculating
blowers and pumps, distribution ducting, valving, controls, and
radiators,

The humidity control subsystem removes water vapor from the afr
stream coming from the lab, The air humidity is removed by passing
the airstream through a liquidegas heat exchanger in which it is
cooled by ethyliene glycol to a temperature below the dew point of water,
Moisture condenses out of the alirstream, It is then collected by a
wickelike material within the heat exXchanger and transported to the

water management subsystem where it is purified for reuse,

The trace contminant system removes odors, particulate matter,




and toxic gases from the cabin atmosphere, and controls the growth of
bacteria, virus, and fungi, Air is removed from the lab and passed
through a chamber in which it is exposed to ultra violet irradiation.
This controls microorganism growth. However, this process must be
examined for efficiency and for the amount of ozone produced, From
this process the air passes through an activated charcoal filter whieh
absorbs most of the odors and high molecualr welight contaminants.
0.1 pounds/man day of charcoal is required,

The low molecular weight contaminants are controlled by passing
a portion of the flow through a regulator and heater into a combustion
chamber, It is oxidized in the presence of a hopcalite catalyst ( a
mixture of Cu and Mn oxides) and returned to the lab,

Vapor compression distillation is used for the water management,
The operation is performed in batches processing approximately 30 1bs
of water per cycle, Urine and waste water are collected in plastic
bags and placed in a evaporator chamber, The compressor creates a
partial vacuum over the contents of the evaporator causing the waste
water to boil at about 0,5 psi at the cabin temperature, The compressed
vapor is removed from the eveporation chamber and raised to a temperature
of 90° F, and these vapors are used to heat the remaining contents
of the vapor, The vapors are condensed and the final purification is
performed by forcing the distillate through a millfipore filter, ifon
exchange filter, and a filter of activated charcoal. The noncondensing
gases are vented into space, The residue remaining in the still is
removed after each batch operation and discarded,

Included in the waste management subsystem are toilets for the




men and open bottom cages with a moving conveyor belt for the removal
of wastes for the animals, The feces are sampled and stored until

a suitable time when they are incinerated or shipped back to Earth

for further analysis,



STARTHTICE POR LIPE SUFTORY SYLTEM

DAYS
BENVIRONIENT

ATHOSPHERE
Composition
O,.pp
Npp
t6tal pp
CO,prp

TEMPARATURE
RELATIVYE HUMIDITY

MATHURTALS REQUIRSED BY MAN
Oxygen
dater

FPood

—

DIET CALORIC REQUIRZMZNT

METARCLIC oUTPUT
Liquid Waste
urine
fecal H. O
regniration and perspiration
Solil Waste
CO2 Produection

168 days

shirtsleeves

O, and N
160 mwn HE
160 mm Hg
%562 mm Hg
57.& mm Hg

70° #

50-~607

2.0 lb/man day
6.6 1b/ man day
3.% 1lb/man day
1.4 lb/man day

2820 cal/ manday

4.0lb/man day
0.2 lb/man da
2.2 lb/man day
0.5 1b/man day
2.25 lb/ man day




FOOD AND WATER nbQUIRsMLNTS

20 pellets X 2.5g/ pellet day X 6 nonkeys X 168 days =
111l lbs,.
500g HQO X 6 monkeys X 168 deys = 1109 1bs.
RATS
10 pellets X 2.5g/pellet day X 45 rats X 168 days =
416 lbs.
100g H2O X 45 rats X 168 days = 1663 1lbs.
MAN

H

1.4 lbs/day X

men X 30 days 126 1lbs. food
9.9 1lbs/day X

men X 30 days = 891 1lbs. wa er

WY

TOTAL FOOD REQUIREMENT POR MISSION = 4,3%16 1lbs. food and waler

An additional 339 lbs of food and wa: er will be brought to
sustain the men while the moon lab is being built,

The total requirement for life support will be about:

17,300 lbs.




(4) POWER AND DATA ACQUISITION
implanted animal package for collecting of medical data in moukey@

Type l=-Sl«temperature sensor

52=-EKG

S3=bloed pressure in right ventricle
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$2,53,S4= EEG
$5= EOG
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Gate control provides timed identification signal(different for each package) and controls
action of the commutator(gate).futput of the gate controls VCO providing FM transmission of
data to a moon based receiver device which further processes and sends data to Earth.

The FM receiver in this packg will obtain instructions to turn the devices on and off se
that batteries will last longer.Note that the only constant drain is caused by the receiver

and instruction decoder which are always on,

Implanted animal package for rats

This consists of only one temperature sensor,logic module allowing timed collection of teme

perature ,VCO and FM transmitter,
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This system recovers signals from implanted telemetry packages, processes
them and transmits to Earth,

Red lines = flow of informatlon

Blue lines = flow of power
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Moon base telemetry system
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(2)
7

N
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This diagram {llustrates the relationships between subsystems,Red lines indicate fiow
of information (data and instructions® while black shows flow of electrical power,
Circles indicate general subsystems and are:

1 - all life support.,external data monitoring,experiment controls -monke?s cages

= game &g above but for rats

« internal telemetry for all animals ji-instruction receiving
-~ transmitting system (to Earth) 12-main computer
general 1life support I3etWo Wav . « - '
- gcientific and engineering data collection 5 i‘cg’ Fiégnigi?‘éiigzgiiagoii%gse

transmission centrol £

o offeba 1
transmitting system (to Earth) 0 base communication
power distribution contrel

10-main and emergency power supplies
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Rl =« R2 = R3 each is an independet {frequency wise) ¥ receiver and demedulater which
obtains signals from devices implanted in three monkeys (cardiovascular) and provides output
equivalent to that obtained from gate output in the animal,The ocutput of g1, R2, R3 goes to
GATE]l (commutator),The output of GATEl is composed of three components, one after another,
Each component provides animal identification and five data signals.We can see that this pro
vides for time sharing on one channel by three animale | each animal monitored for five varia
biles,Thid data is Pulse Amplitude and Pulse Code (binary) Modulated and transmitted to Earth
via gseparate transmitter,

R4 = RS = R6 provide identical functions for other three monkegs.

R7 to R13 receive temperature information from seven rats.Rl4 is an extra,

The value of the system is due to accurate coding for transmission to Earth and in éndependent
status of subsystem for each animal group.Each group can be monitored independently of each
other at the same time or one at a time,at any desired time,This is due to having separate
receiving and transmitting facilities for each group and toe having power control run from

a main computer . Power control also provides for power savings as the system can be shut off
(with exception of instruction decoder) when not in use,

The main computer will thus turn on or turn of the animal implanted packages and 1lunar based

telemetry system, :

All funetions different than animal internal functions will be monitored by collection
of data with opriate sensors, PAM and PCM and transmission to earth,There will not be
an |ptermediate &unar stage for recovery of original data as had to be the case with data
collected from within the animals which require freedom of movement,

All systems with exception of main power supply (which has own control system) will be
controlled by main computer with some instructions stored in memory and some instructions

obtained from Earth,

An independent communication link for Moon-Earth and lunar base-off base
is provided for use by men,

Main power supply is a DC generating plant driven by a small (I/2 ton&) nuce
lear reactor provided with own control and fall-safe system.,In case of main
generator fallure the emergency power supply (batteries) will automatically
take over,The emergency power supply will be able to mantaln all lunar funce
tions long enough to allow for arrival of repalr crew from Earth before total
failure,The use of DC power eliminates need for elaborate AC to DC power supp
lies in lunar equipment,problems of 60 Hz noise which wdhld otherwlise require
use of filters and so on.

All subsystems will be assembled on Earth and bulk of the task done by setw-
up crew will consist of interconnecting them by use of lines prepared also
on Earth,It will simply be plugging in numbered cables in corresponding
sockets,




EXPECTED RESULTS

It is our opinion that information gathered at our lunar
laboratory will significantly add to man'’s realization of the vital
capabilities for Earth life in other than Earth environments. Ve feel
that extrapolations from our data will support the idea that man can

exist on the iunar surface for extended periods of time,
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DxUG STUDY

Any future prolonged space flight must without doubt proviéde for the
extended medical well being of the astronauts involved. On recent
short trips minor use of drugs as decongestants, analgesice, and
fatigue eliminators has been attempted. The need for further research
on effect as well as change in structural and chemical properties
cannot be over emphasized. Environmental conditions including the
complex of f£light factors (vibration, acceleration, isolation, and
weightlessness) have now geen more closely defined and allow for a
more precise delineation of drug on individual systems which can be
controlled separately as to their specific space response., Man and
animal have only certain capabilities and since their orgon systems
are subject to both chronis and acute alterations under Tarth condi-
tions, there is every reason to expect that these, as well as new

ailments will also occur in space.

There are three main areas of pharmacology which con be studied:
therapeuvtics~~concerned with the use of drugs in the treatment ox
prevention of disease,

toxicology~~the study of poisons o1r other agents with undesirable actions
in the body, and

pharmgcodynamics—~=concerned with tne mechenisms of drxug actions.

Due to the desire to keep the animals alive, study their behavior,

and monitor their physiological systems, the study of drugs will be

confined to the five day manned periods each month.

Hxperiment l. BEven minor alterations in the configuration of a drug
molecule can cause significasnt changes in the response of an organism
to a given dose. For this reason the stability of all drugs proposed
for space use must be determined. The space conditions can be created
on EBarth or samples of tune drugs can be taken into space on earlier
missions and analyzed.

Bxperiment 2. The effect of aspirin on rats. We propose to use the
Breoli-lewis method to estimate changes in potencies of aspirin under
weight reduced conditions (1/6 G). 1In the Brecoli-Lewis method, the

rat's back is shaved and a heat source applied to produce pain. The




end point is the twitcihing of the skin 4-5 seconds after heat applica=
tion. The threshhold is constant over months and is not affected by
temnerature, diet, or other environmental conditions. The effectiveness
of aspirin can be determined by this method at different doses and
compared with results under 1 G conditions.

lixperiment 3. The effect of amphetamines on monkeys. The mein use

of amphetamines is *t7 reduce fatigue. By applying verying doses in an
attemnt to measure the effective doses, we can observe the monktey's
ability to effectively sgo about normal activity for prolonged periods

0f time =5 well as getting a picture of his alertness through electrode
recordings in the reticular formation of the brain.

Another study is suggested by Tthe use of amphetamines. Under reduced
gravity conditions organisms tend to eat less food., This decrsases the
carbonysrate energy reservolr of the animal. By the use of amphetamines
the animall's systems are streitched beyond normal capacity thus increassing
total daily metabolism. Thus, arn incresed metabolism couples with

a reduced energy source may Lead o hypoglycemia. Testing of blood

&

e

sugar continuosly during amvhetanine asdministration will thus be
performed.,

Experiment 4. Tranquilizers asnd their effects on monkeys. Trane
guilizers such as secorxbitol scdium will be used on monkeys to detere
mine théir effects under reducsd weiphnt condidons. After establishe

ing Barth conditions for normal dossge, varying doseges will be given

to the lunar monkeys to get a comparicon. The monkeys will be monitored

e

by &8

I T

WLz, and by

G

Tor cortical activity end denression of the normal
reticular formation electrodes for general alertness.

It has been found that pilots often show reduced judgment even with
the weskest non-sedating tranguilisers. o test judsment, the hande-

eye co-ordination tests with the rotating discs (described earlier)

will be performed,

) [

Bxperiment 5. Drugs for hypertension. By monitoring cerdiovascular

J

function, the effectiveness of drugs (such as chlorothiazide diuretic)

to relieve hypertension can be determined. 11 the monkeys are not
already hypertensive, they can be made $0 by altering their normal

routine.




GROWTH AND DEVELCPMENT UNDER CONDITIONS OF MOON GRAVITY (1 /6G)

INTHODUCTION: Eventual colonization of the moon requires

that man be able to produce =2nd rear offspring in the lunar
setting. To this date there have been no studies to indicate
whether fertilization, embryogenesis, and normal growth will
be possible under the conditions of reduced gravitational
stress characte;isticﬁof the moon. For this reason, it

is proposed thaﬁ an e;tended study of growth and development

of a mammalian animal be included in the lunar biological ex-

periment series. | %

; :
J j’

, / ,
EXPERTMENTAL TECHNIQUE; A group of femsale rats ( Rattus

norvegleus) wﬂil begéllowed to mate freely with several
young msles of the géme species while living in the lunar
environment. After mating, each femsle will be retained
individnally in a breeding cage, given adequate life

support, and allowed to produce a litter of pups.

From those animals born approximately five will be randomly
selected and allowed to develop in the lunar environment (1/6 G).
Careful measurements of welght, body size and more subjective
determinations of health are to be made during each

manned period. At the termination of the lunar experiment
these animals will be sacrificied for extensive anatomical
studies. Data obtained will be compared to normal

growth curves for earth controls.




BONE AND WOUND HEALING UNDER CONDITIONS OF MOON GRAVITY (1/6 G)

INTRODUCTION: Establishment of long-term lunar bases
necesitates that men be able to function in the lunar
environment for extended periods of time. Almost certainly
injuries will occur and, for reasons of expedlency and

safety, these injuries may have to be treated in the lunar
setting. Previous work sought to determine whether an
increased gravitational stress can affect the healing

of bone and skin. ( see C.C.Conley). It is the purpose

of this experiment then to use similar techniques to determine
parameters for the healing of bone and skin under conditions

of 1/6 earth gravity.

EXPERIMENTAL TECHNIQUE: Essentially, the experiment will

proceed as follows. Skin wounds and fractures are to be
experimentally induced in rats (Rattus norvegieus) during
lunar habitation. The course of healing will then be
fodlowed over a period of 5-6 lunar months. The healing
process will be observed thru periodic histological studies
of both skin and bone wounds and densitometric measurement
of the bone. Data obtained will then be compsred to the
results obtained from an experimental control located
on earth ( 1G).

1. Young male rats are to be carefully selected

and matched according to body size, szrowth rate, etc.




to allow close approximation between the fourteen
animals used in the lunar experiment and the fourteen
animals which will serve as controls on earth.

2. At the onset of the experiment tibial lesiéns

will be produced in the right tiblia of each animal.
Since the tibia is a superficial bone ne overcomes
the problems of soft tissue overlay and aprroximation of
the reference wedge for densitome%ry.

3. The lesion produced will be 2 uniform notch on

the surface of the tibila. By notching, one allows

the remaining bone to serve as a natural splint.

The procedure is to be carried out under sterile
conditions in order to minimize the risk of infection
which would disrupt the normal regeneration process.
4. The wounding procedure is to be carried out
sequentiaily. On day one four animals sho:1ld be
treated (group A); on day two, three animals (B);

day three, four animals (C); and day four, three
animals (D). This type of time distribution will give
some indication of daily changes since x-ray and
growth messurements can only be made periodically
(every 23-28 days).

5. After the animal has been wounded, weight and body
size should be recorded, and the animal'’s leg x-rayed.
The densitometric techniques proposed are those
developed by P. B. Mack, in which a reference wedre

is placed near the bone, x-ray produced, and amount

of calcification related to a point on the reference

wedee., (see P.B.Mack)




6. Upon completion of the surgical procedure and preliminary

measurement, each animal is to be placed in a2 separste

cage. Food and water are to be supplied to each

cage via automatic systems. A modified pair-feeding

technique is required to minimize dietary differences

between experimental and control groups. When the

investigator is able to return to the lunar 1lad at the

start of the next 5-day period, each animal should be

welghed, size measurements made, and the leg x-rayed

in the same manner that the preliminary data was

collected. Two rats are then selected for the histologic

studies. It is suggested that in this first period

one rat each from groups A and C be sacrificed.

The subsequent period would select one each from groups

B and D; these alternations carried on until termination

of experiment. Selection, however, may have to be

modified according to unexpected variables (death, etec.)
The rats selected for sacrifice are to be immersed

in liquid nitrogen to effect quick death and to preserve

all body tissues. The actual histonlogic studies

can then be carried out upon return to the base

laboratory, 1.e., the earth or an orbiting space

station.

7. The same procedure is to be carried out during

each 5-day period available to the investigator. In

addition, data collection from the controls on esrth




should approximate the lunar portion of the experiment.

8. At the conclusion of the experiment, data will

be analyzed to determine effect of 1/6 G environment,

The data obtained may also be correlated with that

obtained in previous work which measured effects of increased

gravitational stress.
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Physical Struecture of the Moon Lab

In order to carry throush the proposed experiments, it will
be necessary to provide a physical structure on the lunar surface.
Materials for such a moon laboratory can be transvorted from Earth
to an orbiting Earth station and from there into lunar orbit.

A shuttle system can then be utilized for transportation to the
moon's surface. XKXX

It is proposed that the laboratory be manned five days out
of each lunar month. During this five day periosd, the crafrt
transporting the men to the lunar surface will serve as living
quarters for all but one of the men. The laboratory will provide
accomo@ations for the remaining crew member.

The laboratory will be constriacted on the lunar surface. An
inflatable structure utilizing airlocks for passage in and »Hut
has been vproposed. Such a structure could be reinforced on the
inside by supporting meterials., BRadiation protection provides a
problem due to the lack of atmosvhere on the moon. Protection
can be provided by piling lunar surface material (rock, dust,
etc.) about the structure to a depth sufficient to act as a shield.
At present, information does not seem to indicate a lunar surface
sultable for sn underzround structure. The proposed inflatable
laboratory may be constructed so that it can be temponrarily
attached to the lunar landing craft during the five day manned
reriods. This would facilitate movement of men and surrlies

between the lab and the craft.,




It will be necessary within this laboratory to house two
monkeys and a maximum »f twenty to fifty rats and their life
support systems. The lab must also provide adequate working
space and housing for one man. To accomodate these facilities,

the following structure specifications are vrovosed:

A,B: monkey faclilities
C: Rat facilities
D: " Breeding rats and storace
E: Work space & 1ife support
F: torage
G: Living Quarters
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PROPOSAL FOR LUNAR LAB:
A STUDY OF THE COMBINED EFFECTS OF

RADIATION AND LOW GRAVITY ON WHITE RATS

UCLA 1969 Summer Institute in Space Biology

August 25, 1969

Anne Blank
Patrick Hodge
Albert Mulley, Jr.
Robert Quenelle
Caryl Schroer
Donald Shina




Introduction

The general purpose of the experimental Moon laboratory will be to
answer basic questions concerning reactions of mammalian tissue and
integrated biological systems to the space environment., For the sake of
practicality, only those experiments dependent on a reduced gravitational
field will be included; other aspects of the space environment can be simulated
at much less expense on earth. Synergistic effects of reduced gravitation
and radiation will be studied because of evidence of a complex interrelationship
between the two, gathered in experimemts from Biosatellite 1.

The selection of experimental animals, the design of experimental
apparatus and the selection of experiments were all made within the limits
of present day capabilities and national motivation. In light of recent
flights with highly instrumented animals and complex interactions of
experimental systems, there was a feeling that there was a need for more
reliable data from reactions of mammalian tissue and fundamental systems.

In 1line with this reasoning, the rat was selected as the chief
experimental animal. The chief advantage arising from use of the rat
is the redundancy of the biological systems under investigation. Such
redundancy allows for more reliability of the data collected. Larger
more sophisticated organisms such as primates were ruled out for a number
of reasons besides the limited number that could be supported in a
moon lab with present capabilities. Problems of restraint have brought
the servicéabi!ity of primates as experimental animals in space into
doubt. The lack of experimental data on the normal functioning of

primate systems in the earth environment also points away from their



use in space, The wealth of experimental data on the laboratory rat
eliminates this problem of comparison when the rat is the object of
experimentation.

The chief argument for the use of a primate revolves around
investigatfon of orthostasis. This argument is valid only when the
animal is restrained because the primate spends less than 20% of his
time in an upright position if unhindered. The proposed six month duration
of the experiment makes restraint of the animal impractical.

Catherization for urine collection or other methods of sampling
that might be expected to become biocked or become sites of infection
are also rendered impractical by the long duration of the experiment.

The use of rats in fairly large numbers allows examination of a
sampl ing of the population each month to allow plotting of experimental
data against time spent in the lunar environment. The plan for removing
and examining rats from the moon will be eight after each of the first
two months, twelve after the third, fourth, and fifth months and twenty
after the final experimental period. The increase in numbers will
provide a safety factor in the event that some of the rats die before
termination of experiment. Such premature deaths are anticipated and
provisions have been made in the experimental apparatusifor removing and

preserving the dead rats until the next monthly service period.



Launch and Recovery

We intend the Moon Lab experiment to be compatible with current ability
and technology to largely eliminate the delay and cost of developing new
systems and special equipment, Transportation will utilize only slightly
modified Apollo systems. The primary modification is an increased payload
capability. Unmanned Apollo-type rocket systems will be remote landed
by previously landed astronauts. These rockets will carry the components
too large and/or heavy to put on the manned mission, By this method, the only
additional payload required would be the guidance and control package for
the unmanned supply rocket. Only the approach to the landing site would
be controlled from the Moon and control would be similar to that on
Apollo with the addition of a radio beacon previously placed on the desired
landing site. This remote landing system could also be used for subsequent
landings as the only equipment which is not reusable is the beacon which

would be destroyed by the rocket blast upon landing.




General Lab Configuration

The lab will consist of three identical domes, interconnecting tunnels
and power supply dome. The domes are double walied and floored with
synthetic rubber coated fiberglass cloth. The outer dome is also covered
with the meteorite and radiation shielding material used in the Apollo
space suits, Loosely attached between the layers is another layer
of fiberglass cloth. To erect the structure, the inner dome is inflated
and then the outer dome ié separated from the inner by additional pressure.
The area between the layers of the floor (same construction as walls) is
filled with fiberglass with a pressure feed system which automatically
mixes the catalyst. The inflating gas is bled into the lunar environment
so that a constant pressure is maintained between the walls. When hardened
the floor is level and anchored to the lunar surface. The area between the
walls is then similarly treated. After setting the temporary half-seal
is removed and replaced by the permanent pressure seal and hatch. The
tunnels and other domes are erected sequentially in the same manner as the
first,

Two levels of shielding from radiation are planned. One experiment
dome wWill be shielding in the same manner as the Apollo space suits,
The central dome and other experiment domes will be shielded more effectively.
In addition to having built in suit level shielding, the central dome
will be shielded i~ parts to provide emergency protection from solar flares.
for the astronauts. The second experiment dome will be shielded with the

stored drinking water and further lead shielded to provide no more than



one-thousandth the exposure of the other experiment domes., Lunar soil

may be used for part of the shielding.
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Experimental rat cage

The primary experiment involves housing 72 rats in two groups.

Housing will be in groups of twelve in special cages. Because the cages
will have no maintainance except during the service period, automatic
methods will have to be used. A commercial product such as Lysol will

be sprayed every two or three days to wash down and disinfect the cages

(see sketches of cages for this and below). The cage floor will be wire

so that urine some feces and pieces of rat pellets can fall through.

They will fall onto a plastic backed absorbent paper roll which passes

under the cage. At the take-up roll another layer of plastic will be added.
The paper will Be prenumbered to aid in later analysis.

Cage sweeping and removal of dead rats will be accomplished by a
moving barrier and trapdoor system. On detection of a dead rat (by
television monitor) or during the cleaning process, the barrier is
charged and begins moving across the cage. The rats have been previously
condftioned to jump over the barrier to avoid being shocked or trapped
at- the end of the cage. Dead rats are pushed to the end of the cage and
wipers on the bottom of the barrier clean the cage floor (the wires in
the bottom of the cage are not crossed but run only parallel to the
direction of motion to avoid catching anything). On reaching the end of the
cage, a trapdoor opening into @ small end section of the cage opens and the
debris and/or dead rat is pushed in. The barrier then retracts and the

trapdoor closes. The door in the bottom thewopens and solid material drops



into a bag formed from a periodically sealed soft plastic cylinder.
Material stuck to the cleaning area is washed into the bag with disinfectant
spray. The bag top is then sealed and moved into position for the next
cycle.

Food and water are delivered as taken by the rats with a preset limit
on the maximum number of pellets which may be taken in any one day.
Atmosphere is circulated over the cages by blowers. Lighting is by
overhead flourescent lamps and red lights, cycled for twelve hours each.
Heating and cooling are done by a mechanical heat exchanger on a full-
dome basis. Heat or cold is transferred using the Moon as a heat sink.

A reflective coated Mylar layer on the surface of the structure reduces
heating caused by absorbed radiation. An inner layer of spun fiberglas
sealed into plastic (stored and transported compressed) forms a '‘dead~

air space' to futher reduce unwanted heat transfer,
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Telemetry and communication

The prime user of the system bandwidth is the television unit.
Several cameras are switched and scanned to send pictures of ihe interiors
of the experiment cages, Commercial resolution camera images are digitized
and transmitted in FM mode with the high power transmitter (see below),
Unless otherwise commanded, a short segment of each hour will be allocated
to a sequential scan of the cages. The scan may be interupted from Earth
at which time it returns to a position which compensates for time lag
overshoot,

Other information will be monitored on a multiplex basis or when
requested from Earth., Continuously sampled information will include
channels allocated to the implanted dogs, internal and external Funpers-.
ature, humidity radiation levels, oxygen and water consumption from each
experiment dome, power supply output and status and 1ife support status.
Requested information will include food consumption, water removed from
environment and extra television information,

Control of food and water, power supply and tife support can be
controlied from the ground. Transmission and reception are on separate
channels to allow simultaneous operation. In addition to the telemetry
information, voice channels will be available for on-site observation
and communication. The main transmitter and antenna will be designed to
provide wide angle, continuous contact with Earth, A lower-powered,

high gain system will provide back-up communications.



Power supply

A small nuclear reactor driving a frequency-requlated alternator system
will be the primary power source. Estimated power consumption will be well
under ten kilowatts except for peak loads when all systems are functioning
at once. Nickel-cadmium batteries will be used to store power for peak loads
and emergencies. Emergency power will also be derived from compressed-
gas driven tubine-alternator combinations. These will come on automatically
in the event of a main system failure or they can be activated from Earth.
Solid-state inverters will convert the stored dc from the batteries to
the required ac levels. Synchronization with extant power, if any, will
be done electronically.

The reactor will be located in the first service rocket (unmanmed)
and will be connected to the experimental area by interconnecting cables.
The batteries and other power supply apparatus will be stored in the power
supply dome. If practical (depending on soil conditions), all outside

cabies will be buried to minimize possible meteorite damage.



Space suit requirements

For the work required to establish and maintain the Moon Lab to be
practical and not exhausting, the current EVA suits will be replaced by hard
shell types currently undergoing tests. The back pack for construction work
will be smaller and will be connected by umbilical cord to the capsule.
Although the cords may be a nuisance, we feel the reduced mass will be
more than compensatory. Additional cooling will also be supplied via cold
water from the capsule. The larger, self-contained back packs will be
used only for longer excursions. In the lab, the suits will be left in
the central dome where the astronauts will don clean suits {coveralls
and caps) to minimize contamination. After entering an experiment dome
through a tunnel and air lock, the astronaut will breathe through a
two-hose mask connected to the capsule to minimize cross contamination
via airborne organisms. Breathing gas in the tunnels and central dome will
be one-third atmosphere oxygen and will be independant of the ‘wo exper-

iment domes'! environment.



Environment

Breathing atmosphere inside the domes will be maintained at 720 F.,

40% humidity and will be oxygen at five p.s.i. Carbon dioxide will be
absorbed by lithium hydroxide which will be replaced or recycled as
required on a monthly basis, A commercial product such as Ozium will be
injected at the circulation blowers to control odors and destroy bacteria.
Humidity will be controlled by extraction with cooling fins. As the
natural tendency of the environment is to raise the humidity, no special
effort to add water vapor will be made. Buried cooling fins will provide
the heat sink for both the cooling unit and humidifier (humidified air
differs from cooled only in that it is rewarmed aftar passing the fins),
When in either of the experiment chambers the astronauts will be linked to
their capsule by a two hose mask system., In addition to reducing the
chances of transmitting airborne bacteria, a smaller life support system
can be used since no men will be supported by it. |In an emergency the
large size of the chambers would allow the astronauts several hours to
return to the capsule or to repair the malfunction,

Food and water rations for the rats are 100 ml/day/rat of water and
10 pellets/day/rat of food., For the six month, 72 rat experiment, this
leads to 1,220 liters of water and 36.5 kilograms (@ 2.5 g/pellet) of
food. These supplies with safety excess will be brought monthly as
required, Additional supplies for other experiments will be stored in the

central chamber when they are brought up.



Telemetry data will enable earth control to monitor the environment.
Internal and external temperature, humidity, oxygen consumption, water
consumption, radiatin level will be sampled and transmitted. Food

consumption will be transmitted only on change.



Experiment 1. Experiments on the Musculoskeletal System: The Effects
of Prolonged Exposure to a Low-Gravity Environment on the Musculoskeletal
System of White Rats,

Purpose: To determine the effects of a reduced gravity environment for
periods of one month to six months on the cons<itution of the muscles

and their functions in white rats.

Introduction: Data on the effects of weightlessness on muscle metabolism
is very limited and the subjects involved were under a variety of diets

and in-flight stresses. Data from Gemini VI! indicated a negative change
in the calcium balance which means a loss of calcium from the bones, After
the fourteen-day mission X ray evidence showed bone demineralization, per
cent change in density, in the os calcis (heel bone) and the second

phalanx of the small finger. B8ed rest studies are used as simulation of
weightles:ness, Studies by Mack, Texas Women's University, on bed rest and
immobilization show a loss of skeletal mineral and an increased

excretion of calcium in the urine. Studies indicate that isometric
exercises reduced the loss of bone mineral during bed rest. None of

the space flights have resulted in a lack of muscular coordination or
muscular atrophy but atrophy is expected after exposure to longer duration

weightlessness,



Procedure: A total of sixty-four rats will be used for the experiment,
thirty-two of which will be exposed to both radiation and low gravity and
the other half of which will be exposed to reduced gravity only. X rays
will be taken of the bones of two legs of each rat prior to the trip to the
moon. Each month during the five-day service period the astronauts

will take X rays of the legs. A number of rats will also be brought

back to earth for more extensive bone density studies, The rats will be
tagged with numbers to differentiate them. The loss of calcium determined
from urine collection will be compared to the X rays of bone density

of those rats brought back from the lunar environment, After each
five-day service period the rats returned to earth will be extensively
tested and observed for adaptation to increased gravity of the earth,

The rats will be watched during the periods of activity in order to
identify any muscle weakening or iqvgoordination. The control rats on
earth will undergo the same series of testing and evaluation.

) A group of eight rats will be subjected to surgical fractures on
earth and taken to the moon to observe the effects of tow-gravity on

bone healing. This experiment will be commenced during the second

experimental month,

Expected Results: Though not subjects to weightlessness on the moon,
the rats will experience a very low force of gravity. Therefore the
X rays should show some change in bone density especially during the

first month or two, in subsequent months, after adjustment to the new



environment the calcium in the bones which determine the density of the

bones should come to an equilibrium level. This level of calcium in the bones
will be the characteristié amount required of the animal for muscular
functioning in the low-gravity lunar environment.

It is lpossible that there will be a continual decrease in the bone
density and, therefore, a continual loss of calcium. This would be
detected through the amount of calcium excreted with urine. |If this
should happen muscle atrophy will occur to a marked extent and the
rats may die, A consiant loss of bone mineral will also eliminate
the ability of the rats to readapt to the increased gravity of the
earth since the bones will be so deteriorated. Therefore, these two
possibilities should be examined.

On return to earth, the rats should be seen to have some muscle
atrophy due to calcium loss and decreased activity on the moon. Muscular
incoordination should be more marked with the rats that have been in the
lunar environment the longest - the four, five, and six month periods.
There .should be readaptation to the increased gravity force of the earth

which may be a slow process of calcium build-up jin the bones.




Experiment 2: Effects of Radiation on the White Rat in a Reduced Gravity
Environment.

Purpose: To determine the synergistic effects of radiation and 1/6 g

on mammalian systems and to provide information concerning proposed
shielding techniques.

introduction: To a large extent, the hazard of high energy radiation in
space can be simulated on earth with linear acceleration and cyclotipn
techniques. Such studies have generally involved a short term, high dose
exposure: consequently extensive literature dealing with cumulative
efforts of exposure to highly ionizing particles is lacking. Earthbound
studies are unable to answer questions concerning the influence of reduced
gravity on the reaction of tissue to ionizing radiation. Results of
experiments performed in Biosatellite || indicate important synergistic
aspects of tissue reaction to reduced gravity and radiation. Ffor these
reasons, and also for the elucidation of questions in the engineering of

protective shielding, an experimental investigation of radiation effects

on rats protected with variable amounts of shielding is planned.

Experimental Design: The population of experimental rats will be evenly
divided into two groups designated group S and group E. The cases of those
in group S will be heavily shielded with maximum practical shielding for
a permanent manned instaillation on the moon, group E will be housed in identical
cages shielded with EVA space suit radiation shielding.
At the end of the first, second and third months, four rats will be
taken from each group. Two of these from each group will be sacrificed
on the moon by immersion in liquid Nitrogen. The remaining four rats
(2 S and 2 E) will be prepared for return to earth.

The amount of radiation received by rats in either group will be




continuously monitored by radiation dosimeter. Provision will be made for
an automized increase in shielding of one of the E group cages to prevent
death of all exposed rats as a result of unexpectedly high doses of
radiation.

Control groups on earth will be irradiated with doses corresponding to
those recorded by the dosimeters monitoring each of the groups. Control
exposure need not be simultaneous time elapsed experiments with appropriately
adjusted sacrifice time will be satisfactory.

As the number of rats returned to earth at the end of each month
increases (12 after both Lth and 5th months and the 16 remaining at the
terminations of the experiment), the proportion of rats from groups S and E
will remain 1:1. The number of rats immediately sacrificed in N2(L) will be

kept at 2, all remaining animals returned to earth alive.

Analytical Technique:

The emphasis of analytical techniques will be on determining somatic
effects of long term exposure as influenced by reduced gravity. Consequently,
techniques will be, for the most part, limited to chemical and histochemical
procedures. Both red blood cell and white blood cell counts will be made
as part of the blood analysis. Assays will be made to determine extent of
possible carcinogenic induction including leukemia. Examination of eye
tissue will be made in anticipation of possible cataracts.

Histochemical and chemical analysis of brain tissue will be carried
out extensively. For investigation of blood-brain barrier mechanism foliewing
exposure, one milliliter 10% solution of sodium fluorescien in buffered
saline will be injected into one of the live rats returned to earth, twenty-

four hours before sacrifice by decapitation. After brain removal, coronally



sectioned blocks can be observed in a dark room under ultraviolet light.
Histochemical analysis of glycogen accumulation can be made using the
Schiff procedure involving PAS staining.

Chemical analysis will be .performgd on irridated and nonirridated
lunar and control rats that have been sacrificed by immersion in liquid
nitrogen.

Glycogen can be isolated by standard techniques and analyzed with the use
of glucose oxidase. Lactic acid analysis can be carried out after

homogenization in 10% TCA.

Expected Results

Group E will be relatively well protected against electromagnetic
components of radiation including ultraviolet, X ray and gamma radiation.
This reduces the chief experimental variable to exposure to or shielding
from high energy components (mostly protons,alpha particles).

Studies of several species have indicated that for a total body dog@, such
high energy components are prone to damage the gastrointestinal system,
This is in contrast to the predominant damage to the hemoporetic system
resulting from exposure to X or gamma radiation.

Hemorrhagic phenomena are likewise more comion following proton irradiation
than following exposure to X rays.

The design of the experiment, specifically the number of animals involved
precludes the meaningful study of genetic or life shortening effects (reported
to be one to one and a half per cent per one hundred rem in the rat, Such
statistical phenomena, based on population studies would be better investigated

in a Brosophila experiment,




BBB disturbance, increase in glycogen accumulation and an increase in
lactic acid level can be expected as a generalized response to irradiation
of the brain. The increase in glycogen accumulation and concurrent increase
in size of astrocytes can be explained by any of three hypothesis; 1. the
liberation of carbohydrates in the injured tissue and subsequent uptake of
them by glial cells; 2. increase in permeability of the BBB membrane to
glucose; 3. inhibition of glycolysis.

Investigations of tissue reaction to radiati;n at the cellular level have
indicated that aside from the direct effect of atomic collision, radiation
generates strong oxidtzing agents such as hydrogen peroxide in the biological
fluids causing cell destruction. For this reason antioxidant drugs such as
ascorbic acid or butyl hydroxytoluene have been used experimentally to lower
tissue oxygen levels thereby reducing the number of damaging free radicals.
The problem of using these drugs is compounded by the fact that they must
be administered just before exposure if they are to be maximally effective.
introduction of such anti-radiation drugs to a liquid food supply of a limited
number of exposed and control rats may provide significant data.

Comparison of histological data of both gwups of lunar rats with the
earthbound controls wi]yéorm the crux of the radiation experiment.

Indications from Biosatellite il that cell metabolism is slowed down

in reduced gravity have been used as an explanation for increased recovery
rates, postulating that the slowdown enables the cell to repair damage.

A conflicting hypothesis might be based on the theory that radiation recovery
depends on eilimination and replacement of damaged cells, Such a conflict,
based on present data, indicates the need for more data concerning synergistic

effects of low gravity and radiation. Present theories are chiefly speculative.




Experiment 3: Urinalysis

Purpose: The purpose of this analysis is to provide a means for daily
evaluation of the general state of the experimental animals, particularly

with respect to electrolyte balance and calcium excretion.

Experimental Design: The general procedure to be followed will be the
coliection of the urine from each cage on an absorbent paper, the drying
of the urine on the paper, the measuring of humidity to determine volume
of urine excreted, and the evaluation of the chemical data obtained from
paper,

The absorbent paper used for urine collection will be an ion free
filter paper backed with a water repellent plastic sheet. The paper will be
on rolls, and will be advanced daily, dried, and rerolled, The drying process
will be done by passing air over the system and perhaps subjecting the paper
to a final drying stage by subjecting it to a blast of warm air. The sheet
will be impregnated with an anti-bacterial agent to prevent the growth of
bacteria and/or loss of quantities sought. During the service period the
paper will be recovered and returned to earth for analysis.

Note that this procedure is based on the assumption that each rat will have

an excretion within certain limits and that little will be lost by considering
the entire cage population instead of the individual animals, Catherization
was ruled out because of the size of the animals and the irritations and

possible infections resulting from catherization.




Evaluation of Urine Paper: On return to earth the paper will be divided
into daily sections. Each piece will be eluted with ion-free distilled
water and tested using the usual clinical procedures, According to Dr. Adey
if the urine is dried thoroughly in space, the constituents retain their
form, i.e., are not degraded, and the usual gamut of tests may be run.

The tests which will be performed include the determination of sodium and
potassium (flame photomeFry), chloride determination (chloridometer),
calcium determination (atomic absorption spectroscopy), VMA, catecholamine,
and 17-hydroxysteroids, proteins, and perhaps a determination to detect

red blood cells or other sedimentary material in the urine.

Expected Results; From reports of space flights a decrease in body fluids
and thus an increased urine output occurs in low-gravity situations. Thus
one might expect an increased output from the lunar rats at least during the
initial few weeks, The levels of electrolytes in the urine might show

some change but the exact nature of this change can not be easily predicted,
in order to maintain homeostasis it would be assumed that a concentration

of electrolytes would be excreted so that internal electrolyte concentration
would remain normal, inspite of lower body fluid. Because of loss of

bone density, one might expect the level of calcium excretion to be

high during the initial few weeks and then to level off to a normal or

a "lunar normal' value. The creatinine level would be low because

one would expect muscle atrophy (diZ:se). The VMA, catecholamine, and

17 hydroxysteroids would give an indicate of endocrine activity and would

thus be expected to be increased during the initial weeks while the rats




are in a condition of relative stress. Blood sediment, urine protein, and
other forms of urine sediment may give indications of distress in the
kidney, perhaps resulting from cardiovascular system disturbances.
However, no change is expected unless the animals go into a condition

of deterioration,

In summary, one might expect to find increased urinary output, increased
calcium excretion, decrease?éreatinine excretion, and increased VMA,
catecholamine, and 17-hydroxysteroids, particularly during the first
few weeks in the lunar environment. If these levels persist however,
i.e., if they do not stabilize or return to an earth normal, the animals
may go into a state of slow deterioration and thus show the inability

of the animals to adapt to the lunar environment,




Experiment 4. Blood analysis of rats exposed to the lunar environment
for prolonged durations both exposed and protected from radiation.

Purpose: To screen the animals kept in the lunar environment for durations
of varying length. To examine the blood of protected rats and rats exposed

to the radiation incident upon the lunar surface.

Procedure: A lcc sample of blood will be attained caudally from each of the
rats during the five day service period. From this sample a minimal amount
will be used for hematology procedures. The remaining amount will be spun

down immediately at 2000rpm for 10 minutes. The serum can then be separated
from the solid material, frozen, and stored until it can be analyzed at the

earth laboratory.

The usual clinical procedures for hematology and blcod analysis will be
employed. The hematology examination will take place in the lunar laboratory.
The astronauts will take a red blood cell count, white blood cell count, an d

a platelet count. The clinical procedures for the determination of electro=

lytes, calcium, creatinine, bilirubin , and cholesterol in microtechnical form.

Expected Results: From previous manned space flights in which a decrease in
the red blood cell count was noted one might be led to expect that there will
be a decrease in the red bllod cell count of the rats subjected to low gravi-
tational effects for extended periods of time. The white blood cell count
may increase because of lowered resistances and increased susceptibility to
infections., No change is expected in the platelet count, however should such

a change be evident, concern would arise over the clotting mechanisms.




Creatinine, a product of muscle contraction, may be found in ever de-
creasing concentrations if any appreciable muscle atrophy takes place.
Likewise, an increase in the calcium concentration may be found due to a
decrease in the bone density.

Because the literature indicates a decrease in the red blood cell count
an increase may be expected in the bilirubin concentration since this sub-
stance is the reult of red blood cell break-down. No change is expected
to be evident in the electrolyte concentration.

A test will be made for cholesterol to determine the possibility of the
animal being in a state of hyperlipidemia. Should this occur along with
proteinuria there would be rather strong evidence that there has been some
structural alteration in the renal filtering system. A change in the
glomerular basement membrane could be the result of the changes occurringﬁlhe

cardiovascular system. The interdependence of these systems makes it impera=-

tive that these systems be examined in relation to the other¢s.




Monthly Maintenance

in accordance with designated time schedules for manned operations
the moon laboratory will be-serviced every twenty-eight days for a
period of five days. The service periods have been chosen to coincide with
the davlight cycles of the lunar month. At these times the service crew
will have the most favorable lunar temperature environment and provision
will not have to be made to provide for the cold lunar night.
The tasks which will be performed by the service crew will involve
data accumulation, testing, and equipment servicing.
. Landing procedure: The service craft will land within a fifty yard
radius of the lunar laboratory stations. Thelproximity of the crafts will
allow the astronauts to leave their module without the inconvenience of the
life support back pack, being joined with their craft by life line tethers,
However, outside the radius the suitable back pack will be provided for
such situations,
11, Experiment Servicing Duties;: The experiments and data accumulation
which have been running for a month previous will require servicing.
a)) Urine Collection: Timed automatic control of the paper-advance
will allow for the removal of the roll of urine analysis paper. The
rolls which are under all groups will then be replaced with new rolls
and the advance mechanism will be activated. This change provides
enough paper to last another month.
b)) X-ray Fiims: The X rays taken of the rats to indicate bone healing
and spine curvature will be removed and replaced with unexposed X-ray

plates. The exposed plate will be flown to earth lab for analysis.x




c)) Blood Collection: On the first of the five day service period
a ! cc sample of blood will be collected by caudal dissection,

1t shall be noted on the fifth day if the tail is healed.

d)) Systems Check: A thorough check will be made on the
functioning of 1ife systems and environmental controls, The
mechanisms involved with experimental procedures can be also
examined for operational efficiency.

e)) Radiation Group iRats: Because of the necessity of preserving
the brain without change in order to perform an accurate analysis
of glycogen content, a specific number of rats will be quick frozen
in liquid nitrogen and kept in the frozen state until accurate

cross=-sections and stain can reveal the glycogen content,

In addition rats will be returned to the main laboratory for

histological, anatomical, physiological, and morphological studies,

*Special consideration must be given the bone healing and densitometry
experiments. Since we do not want the X-ray procedure to interfere with
the radiation studies, a special selected isolated group of rats will be
provided for this study, These rats will not be introduced to the lunar
environment until the second month and will replace the group being
returned to earth after one month. These rats will be protected from
solar radiation,




Monthly Experimentation

At monthly interals a determined number of rats will be removed.
Provision has been made to allow for the disengagement of the entire cage.
The space provided can then be used for this introduction of a compartment
housing a cardiovaescularly teiemerized dog.

Because of the wealth of knowledge on the cardiovascular system of the
dog it was decided that a dog would be the best subject for this study.

In order to study the cardiovascular system in the reduced gravity
environment of the moon, catheters are surgically implanted at four sites
for blood pressure measurement. Additional measurements are EKG readings
and respiration rate. To prevent clotting of the blood due to the implanted
catheters, heparin-saline solution is added to the bloodstream at the rate
of 5 ul/ min.

Primary interest will center upon the effects of pooling in the thoracic

cavity, blood pressures, mean heart rate, resistance to blood flow.

The cage design for the dogs is quite similar to the rat cage. The floor
is connected with a treadmill mechanism which moves at designated times in
order to clean the cage and clear it of waste products. The dog is kept

in a radiation protected environment identical to the rat environment.
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Hypothesis:

The moon ie an ideal station for a manned science lab
for a number of reasons: first of all, from an astronemical
point of view the moon does not have an atmosphere to ine
hibit visibility. More important, however, i;Fstudies PEY =
taining to radio astronomy. Whisperings of radio waves
from space have given us a vast amount of knowledge in recent
years; however our atmosphere, as well as man-made radio
signals, have made it very difficult to study +the faint
emmissions from afar. Observations on the far side of the
moon would be shielded from such interference, as well as
provide a scan of the entire universe in the course of =
month,

A permanent science lab on the moon could provide
many other experiments that are not possible on the earth,
such as first-hand geological studies,

Besides science labs, industries may find lunar
factories baneficial to man; products requiring a deep
vacuum for construction would be an example, as well as
vroducts making use of the lunar natural resources
itself, |

But the lunar environment is hostile to man, and
long term visits may prove fatal, or too exvensive in
protecting him.

This project is concerned in determining if man
could stay for long term durations on the moon; like-
wigse, it seeks to determine how the lunar surface material
could best be utilized in protecting life from radiation
and broad temperature ranges.

We propose to establish life stations consisting of
one type of animal, one type of plant, and one type of
bacteria, withﬁétations covered with lunar gravel to

various depths,




Important parameters to be studied will be radiation,
gravity, and tenperature; radiation will vary according
to depth, grevity will be constant at 1/6 g, and each
level will have three groups of different temperstures.

A1l other parameters will be controlled to earth conditions,

Sitnece toe2 regulied pow.r will be lese tian 10 kilowat.s
the method of prwer generation we will use 1s to w.merate hi=al

by roclosnctive aecay,




Preexperimental Tests:

Previous to sending the living organisms to the moon
for study, several physical properties of the lunar surface
will be studied. By a conveyor type apparatus, a cone ten
feet tall will be built; the conveyor will scrape only the
loose surface gravel and will be fitted with a sieve that
will eliminate rocks over ¥ inches in diameter. This will
eliminate air gaps and cother inconsistencies that largexr
rocks may produce. .

Through the center of the cone, GM tubes, scintillation
detectors, and thermocouples will be set at two foot inter-
vaels. Besides radiation counts and temperatures at various
depths, the natural slope of the cone will be tgken by
measuring the conek dimensions., Men will supervise the
building of the mound and take the physical dimensions,
as well as a series of photographs of the coney radiation
counts and temperature readings will be telemetered auto-
matically every hour for a month, throughout the night and
day cycle.

Tunies study will give scientists and engineers infor-
mation on the radiation absorption co-efficient of the lunar
surface; they will also be able to determine the temperature
"huffering” of insulation that the lunar material provides.
These critical factors will be important in determining the

dimensions of the later cone that will support life.,




Bxverimental:Degipgn;

A cone is once again constructed ac before with dimen=
sions determined by »revious radiation counts; the height
will be such that there will be substantial differences
in radiation counts from level to level. Packages with
supported life will be buried within the cone at three
different levels (see figure 2). They will be =set such
that the volume of lunar materisl above each level is twice
that of the level directly above. Hollow tubes will lead
from each package to the outer surface of the cone for
servicing, so that each life package can be brought to the
zcientist-astronauts by a conveyor belt. Tubes from each
level will also lead to a common life support system
located outside the cone for easy servicing.

Sach package will contain three compartments, iden-—
ticle except for the temperature settings; temperatures
will bve set at 2000, 2500, and 3700. This is true for all
levels.

To insure that the cone will retain its shape through-
out the entire six months, and that it will be the same in
proportions as that determined by the first cone, the second
cona will be covered with a thin plastic fence. The fence will
be strong enough to provide support, yet thin enough such that
its radiation shielding effects are negligible; it will be of

such a material as to withstand the broad temperature range of




the moon, as well as being flexible enough that it could be

folded for the trip to the moon.

The cone will be inspected and serviced every 14 days
from a lunar orbiting space station, from which the living
organisms have been selected and where a control set of

organisms is contained.
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EXPERIMENTS WITH DROSOPHILA:

This part of the proposal deals with Drosophila experiments., There are two
basic experiments, and each will be treated individgally., The two are: 1) longe-
evity, 2) hatchability, viability, and adult mutations,

T TITLE: LONGEVITY IN MALE AND FEMALE Drosophila melanogaster UNDER 1#6 EARTH

GRAVITY, VARIOUS AMBIENT TEMPERATURES, AND VARIOUS RADIATION EXPOSURES

HYPOTHES1S: Reduced gravity, various degrees of radiation exposure, and diffe
erent ambient temperatures interact {n qbomplex way to change longevity,

EXPERIMENTAL DESIGN: ONe can only expect enough time for two runs of the long-

evity experiment because the average life expectancy for Drosophila is
68 days and some always live longer, True the life spans can be expecte
ed to be shorter, but with exceptional flies one must plan for a long
study, There being 168 days, it is possible three studies could be
completed, The first study will deal entirely with males, and the sec~-
ond entirely with females, At each of the three levels in the mound
there will be placed three vials of 50 flies each freshly delivered from
Earth and thus less than 3 days old, There will be one vial each in
compartments maintained at 37°C, 25°C, and 20°C, They will be fed a
standard agar media HHX¥II, On each visit the astromauts will check
for deaths and transfer them to firesh containers, The containers will
be cyllindrical with 2 inch porous sides and 3 inch clear glass bacges,,
A further modification will be discussed in a few lines, Daily monitore
ing of deaths will be accomplished in two ways: 1) photographs thréugh
the top, 2) a suction counter described in an included article by 9.
Cuperus, The suction will be light, and a 1ight will be used to help
artract the 1jving fiies, The light-dark cycle wiil be maintained con-
stant so as not to disrupt any circadian rhythms, If the counting was
begun just at the beginning of the light , it would certaingly facili-
tate counting, The counting technique will invelve transferring the

fruit flies back and forth from day to day between two containers, To




~

fulfill requirements for this suction countiﬁatechnique the container

mentioned earlier will have to have an inverted funnel on one of the

top corners to lead to the counter and through which the suction is =&
applied, One counter will be used at each level, and a system of vaives
used to enable the counting of all the containers, The camera arrange-
ment is similar, One will be used at each level for all the experiments,
and mirrors used to bring the imaged to the camera, On each lunar visit
the astronauts replace the film, Once allf the flies frém the first
part are dead, they will be replaced by 50 fresh females from Earth g

which will be less than 3 days old,

EXPECTED RESULTS: WE expect good longevity curves which will indicate the combined

effects of reduced gravity, different degrees of radiation exposure,

and different ambient temperatures, The curves are expected to show
that reduced gravity increases longevity , while radiation reduces
longevity. The total result representiﬂg a complex interaction,
Temperature is expected to be seen to have & more complicated effect,
Reduced temperature is expected to both decrease the effect of radiation
and thus longevity, and to increase longevity directly, When the temp-

erature is raise:cabove 25°C the inverse is expected,

Controls for this experiment we assume to have been or wiil be run on Earth and in
near-earth orbit, We suggest that small centrifuges be used in a similar experiment

within our mounds to simulate Earth gravity, This could be done at a latter date,
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If eggs of the same developmental stage are needed, the first hour harvest is discardeq;
it contains many eggs which were retained during starvation and which are thus at very
variable stages, The eggs laid after the preliminary period are very homogeneous: their ,
real age corresponds to the moment of oviposition, as shown by the unimodal and narrow-
shaped eclosion curve in figure 2, which describes the hatching of larvae from 100 eggs
collected during 20 minutes after a preliminary period of one hour (Urbana wild stock), -

Our system seems to be very simple and rapid: forty bottles can be handled within 10
minutes without difficulty, and twenty thousand eggs of the same age can easily be obtained
from young flies during half an hour following the preliminary first hour,

e T LY

*100 cc water, 3 g agar-agar, 2.5 cc ethylic alcohol, 1.5 cc acetic acid.
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, Cuperus, P,, J, A, Beardmore and W, van The size of cage populations of Droso-
oy Delden. Central Electronics Service and phila melanogaster can easily be deter-
Genetics Institute, University of Groningen, mined, without etherizing the flies, with

Haren (Gr.), The Netherlands, An electronic the aid of the electr®aic fly-counter N
described below., The flies are sucked '

out of the cage by means of a suction
pump, pass through a counting head and
, are then stored in a bottle. To prevent flies from entering the pump, the opening of the b
5 4 tube from the bottle to the pump is covered with fine gauze, !
{ The counting head (figure 1) possesses two perpendicular intersecting channels; the
flies are carried through channel ky with a tapered entrance leading to a straight section
? with a diameter of 2 mm~. The other channel (kpk3) is the counting channel and has a lens
bulb L (2.2 V - 0.25 A, Philips) fed by D.C. at the end of ky. A photodiode (Philips OAP-12)
is fitted opposite to L at the end of k3. The flies moving through ky interrupt part of the
beam of light falling on the photodiode, .

T fly-counter.
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In the amplifier-discriminator and pulse-shaper, (fig. 2), the photodiode is comnected

in geries with a resistance of 270 k o counnected to the -15 V, supply. The flies moving
through kq cause a negative impulse of about 5 V over the photodiode., The pulse width
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Hepends on the velocity of the fly. These impulses are fed to T3 via two emittor followers
Ty and T2. The emittor voltage of T4 can be adjusted from 1.5 V to about 5 V by means of the

' 10 k o adjustable resistance. This ensures that the impulse to T3 causes an impulse by the

trans istor only if it reaches a critical value. The adjustment must be such that only whole
§1ies are counted and smaller parts cannot cause a current impulse by T3. The T3 base and
emittor voltages can be measured by means of transistor T, and voltmeter V. The voltage
impulses, wvhich are developed across the collector resistance Tq are fed to the saturated
poplifier which consists of Ts and Tg. The output of this amplifier steers a univibrator
(17 and Tg), with a 1 msec. metastable condition, This time span is longer than the time
during which the light beam is interrupted by the flies. The univibrator is coupled to a,
conventional counter, which registers the number of flies passing.

to vounter

By means of this fly-counter a population of many thousands of flies can be counted’
within ten minutes with an error < 0.5%,

* s .
This measurement would need to be correspondingly altered for species appreciably larger
or smaller than D, melanogaster.

TEACHING NOTES

*,
Movee, Ray afd Donald T, Grahn, Washing- The following experiment must be in use
ton State University, Pullman, Washington, in many teaching laboratories, yet I do not
Demonstration of intra- and inter-chromo- recall any mention of it during conversa-
somal effects of inversions on crossing tion, It may therefore be worth a ncte
over ., since it adds an interesting contrast to

the types of experiments traditionally in

use. Using the stocks y w, In{1)y,In{l)w
(ste DIS 35:7), Cy/Pm;D/Sb, and any wild type stock, Fq females of the following four types
are produced: (1) y w/+tj+/+;+/+ (2) In(Dy,Inli)w/++5+/+3+/+, (3) y w/++; Cy/+;D/+, and
(4) In(1)y,In(1)w/++;Cy/+;D/+. These females are then crossed to y w males. As carried out
by the class the crosses have given, respectively, the following percentages of crossing-
over between y and wi 1.5, 0.3, 8.1, and 2.4. Some students often fail to identify D in
celecting ¥y fewales, so the maximum enhancing effect is probably greater than that obtained,
Pesults are clear cut and can be appreciated without resort to a statistical test. The
experiments are easlly performed and yet intyvoduce an aspect of genetics quite novel to
bepinning students., That no satisfactory explanation exists for the increase in crossing-

- over is disappointing to some students but intriguing to others.




11 TITLE: THE EFFECT OF 1/6 EARTH GRAVITY ,DIFFERENT RADIATION EXPOSURES, AND DIFFERENT
ON
AMBIENT TEMPERATURES ON HATCHABILITY, LARVAL ,PUPAL, AND EARLY ADULT VIABILITY,

AND ON ADULT MUTATIONS
HYPOTHESIS: Hatchability, as well as larval,pupal, and early adult viability, as well
as adult mutation rates are effected by reduced gravity, radiation, and ambient

temperature,

EXPERIMENTAL DESIGN: 8normal males and 4 normal females are placed in the mound e

early on the first day spent on the moon, This is done at all three levels

of the mound and for the 20°¢,25°C, and 37°C compartments, On the third day
before leaving the moon the bottles are removed for a short period and 50 eggs
removed and placed in bottles fwxtimxw prepared in the way described by R.H .
Richardson in the include article, The bottles of eggs are then placed in

the mound where they were removedé::;‘earlier. Photograph are to be taken
once daily to monitor hatchability and viability, Since the eggs take a day
to hatch, the larval stages 4 days, and the pupal 4 days for a total of 9 days,
and since they will have developed for 4123;5 1 day before the astronauts
leave, they will emerge as adults 8 days after the astronauts leave, Thus
they will h;Ve been adults for 4-5 days when the astronauts again return,
These figures will be slightly changed due to the extreme conditions, but

any changes will not greatly effect the experiment, On returning they will
remove the film for processing on earthgand check the bottles for unhatched
eggs, dead larvae,dead pupae, and dead adults to supplement the photographs,
They will also check for mutants in the dead and surviving adults, and pre=
pare for the next phase of the experiment, From the adults they fimd normal
they will choose 8 males and 4 females and follow the same procedure used mm
during the first experimental period,(NOTE: it is important to keep all fifes

from the different levels and different temperatures geperate and have them




returned to where they were removed.,) This will be done for each of the reme

aining XXX 2 and 1/2 day=y experimental periods,

EXPECTED RESULTS: Data will have been collected from 11 generations of flies on the

hatchability of eggs, viability of larvae, pupae, and young adults(4=5 days),.
Data will have also been collected on the percentage of mutants in each gmwm-
ExagdEr succeeding generation resulting from apparently normal adults, The
cumulative effect is also expected to reduce viability in general, Results
are expected to show that 1/6 earth gravity has adverse effects on developing
organisms, and these effects are compounded by radiation, The combined result
representing a complex interaction, Data is :ﬁ;:’expected to show that tempe
erature plays a complicated role in which lowering the temperature reduces

the effects of radiation, but raising or lowering the temperature much above

or below 25°C is also expected to have adverse effects of its own,
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If the dig%aﬁce between well centers is de 8 mm and the well diameter 4 mm, the

doses of 0.01 ml\ at approximately 2-hoyr intervals. If the
£ 6 mm, the complet,

;éﬁg;e excess

mmunodiffusion, 4961, Agademic Press)
\;cetic acid, d air dried to a film,

well geometry is in
0,03 ml of reactants
When precipitap{on is complete the slide i

or in dilute water-soluble higrosin, de

The finished slide may be use :
is in itself a convenient permanent record of the test.

-

Richardson, R. H, University of Texas. A new technique of collegring eggs for
An improved technique for fecundity and fecundity or hatchability Yests has
hatchability tests. been devised, which has the following

advantages: homeogeneous egg laying

surface resulting in uniform egg distrik.
ution, rapidly and easily dispensed medium, medium lacking extraneous food components (such
as charcoal), transparent medium allowing scoring of burrowing larvae, and easily cleaned
and reused equipment, o

The mediump consists of L g, Bacto-agar, 100 ml, water and 15 ml, white Karo syrup,
which is dispensed with an automatic syringe while hot, This medium is then sprayed with a
water suspension of bakers yeast immediately before use.

The equipment consists of two variations on the same theme. One variation supplies a
black background to facilitate counting. The other presents a transparent backgrourd,
which allows visual examination of eggs without the removal of the cap from the test bottle,

The test bottles are constructed from 40 dram Plastainer bottles (ca., 2" x 3 1/4™)
available from Owens-Illinois Glass Co., Toledo, Ohic, at a cost of about $5 per carton
(6 dozen). Extra caps are available at about $20 per thousand., The screw caps are made
of Teflon and the bottle of clear plastic., Ahole is punched in the cap top with a die
about 1 1/4" in diameter, and then a piece of plexiglass 1/16" thick is glued to the outer
surface of the cap over the hole., The plexiglass may be either black or transparent,
giving the two varieties of background. A critical factor in construction is the cement
for glueing the cap and the plexiglass, The most satisfactory one tried was Eastman 910
adhesive, available from the Tennessee Fastman Company, Kingsport, Tennessee, at a cost of
$8 per bottle, One bottle is sufficient to glue about 400 caps. Also the surface of the
cap must be roughened with hardware cloth or a file before glueing., The glue is spread in
a very thin band completely around the hole in order to get a water~tight seal. Leaks mav
be sealed with a band of Duco cement around the external cap-plexiglass junction,

Counting is easily accomplished by marking the agar surface into regions with a blunt
needle under about 40X magnification or less. Eggs or larvae may be conveniently trans-
ferred to food bottles by transferring agar and eggs or larvae with a small spatula (eges
No. 19240, Curtin Cat, 40) bent at a convenient angle to work inside the cap, Larvae may
crawl off the agar surface, but for caps changed every 24 hours or so, it is not a serious
problem, Empty egg cases are easily distinguished from unhatched eggs,

An additional advantage of this technique is the practicality of a permanent photo-
graphic record of the egg production or hatchability, especially since the eggs are well
spread over the surface, The quickest technique using the transparent plexiglass caps
in a "contact print" of the cap on photographic paper (available in bulk rolls about 4 1/%"
wide) where the shadow of the egg is recorded. Enlargement prints are possible by placing
the cap in the film plane of a darkroom enlarger, More detailed records may be made by
microfilming the black plexiglass caps with a 35 mm. camera. Examination of the negative
either In a microfilm reader or under a dissecting scope allows easy egg counts, hatch
scores, or even some egg development scores, It appears counts could even be made by
visual scanners in use by automatic data processing systems.
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EXPERIMENTS WITH NEUROSPORA

ot

The purpose of this experiment is to study the effects of reduced gravity
and radiation on the growth, development, and genetic characteristics of plants,
Radiation=-protecting chemicals and their interactions with the above factors are

to be examined, Biosatellite I] employed Tradescantia in radiation studies as

fts blue petals turn pink when irradiated., Because of the 1ife support conditions
required by this plant, Neurospora, a fungl, was substituted for this part of the
experiment,

Neurospora has long been used in genetic studies relating mutations to
enzyme function, Data of a wide variety is available for this erganism making

data evaluation somewvhat easier,

PROCEDURE

The general procedure of this experiment includes growing & culture of
Neurospora on a maximal medium containing all nutrients necessary for growth
and metabolism, After exposure to a mutagenic agent, the Neurospora is inoculated
into minimal medium cultures of varying types, These cultures lack all or most
all of the amino acids required by Neurospora. In this manner, it is possible
to determine specific mutations and the percentage of mutations,

Before conducting this experiment in the lunar laboratory it will be necessary
to determine the concentrations of the radiation-protecting chemicals tolerable
to the organism, After the concentration levels have been determined, the
experiment is ready for the lunar laboratory,

Specific Procedures

A total of twelve experiments are to be run using six drugs and controls,
The only difference between the medium used in the drug and control experiments

is the addition of a pre-determined amount of drug,



SCHEDULE OF EXPERIMENTS

Experiment Drug Drug
Number Number
1 Cystamine dichlorhydrate 1
2 Dihydrobromide amino-ethyleisotiuronium (AET) 2
3 Serotonicreatin-sulfate 3
4 S-methoxytryptamine chlorhydrate 4
5 Tryptamine chlorhydrate 5
6 S=oxytryptophan 6
7 Cystamine dichlorhydrate |
8 Dihydrobromide amino-ethyl-isotiuronium (AET) 2
9 Serotonicreatin-sulfate 3
10 Semethoxytryptamine chlorhydrate 4
11 Tryptamine chlorhydrate 5
12 5«-oxytryptophan 6



Microconidia, instead of macroconidia, are to be used becuase of their
longer incubation period, One drop of microconidial suspension pe, f1 strain
(¥8743m,L) (FGSC#867) Baylis & De Busk, 1965, is used to inoculate two Erlene
meyer flasks, 125 ml, containing 40 ml of complete medium (11, of 1x Vogel's
medium containing 20 g, sucrose, 1 g. yeast extract, 1, g. malt extract, 0.1 g.
liver extract, and 27 w/v agar) Baylis & De Busk, 1965, To retard any bacgerial
growth, 500 ug, of chloramphenicol per milliter of medium, One flask is labelled
control with the experiment, To the other flask is added the drug to be tested
and this flask is labelled with the drug number and the experiment number,

These cultures are to be grown in the same areas of the moon lab as th e
E. coli and Drosophila, The temperature is to be maintained at 20°C. to insure
the incubation period of 15 days, The atmosphere is also to be maintained at a
constant value, Controls are to be run on earth with the same temperature and
atmosphere so that comparisons can be made., The warying mutation rates will
be due to the combined effects of reduced gravity, radiation, drugs, and lunar
shielding,

During the 2% day visitation to the moon lab, the astronaut is to remove the
cultures and replace them with new cultures from supplies aboard the moon lab,
The schedule of experiments provided is to be followed.,

In the orbiting moon lab the astronaut is to analyze the cultures, The
microconidia are collected by adding 25 ml ofwater to each flask and shaking
for 15 minutes by either hand or rotary shaker, The suspension is poured from
the flask and filtered through cheesecloth and glass wool to remove mucelia
and clumps of conidia, The viability should run from 107 = 207 on minimal
medium (1 1, of Vogel®s 1x, 0,5 g, fructose, 0.5 g. glucose, 20 g, sorbose,

2% wlv agar) Baylis & De Busk, 1965,




Vogel®s Minimum Medium N = 50 x Stock Solution

Nag citrate o 2H70 125 g,
KHZPOa, anhyd, 250 8o
NH,NO4 anhyd. 100 g,
MgSO, ¢ TH0 10 g,
CaCly ° 2H20 5 8.
Biotin solution (0,1 mg/ml) 2,5 ml,
Trace elements sofution 5 ml,

Trace Elements Solution

Distilled water 95 ml,
Citric acid * 1Hy0 5 8.
ZnSO, « 7H20 5 8.
Fe(NHa)z(SO[,_)z * 6Hy0 1 g.
CﬁSOa b SHZO 0025 e
MnS6g ° 1H20 0.05 g.
H3BO3 0.05 g.
Na,MoOz ¢ 2H30 0,05 g,

Taken from
Neuorspora Newsletter, Number 10, December 1966, p. 34,



Moon lab--Bacteria experiment

The opportnnity to return to the moon at monghly or bi-monthly
inter varaves
{ntervals offers a unique opportunity to perform some bmmgelied
experiments on E, Coli, The first few times that the astronaut
sets foot on the moon he can set the way for subsequent experiments
and in the later experieméints he can use the results of the
previous experissntsy to plan more extensive studies,
Bacteria offer ;;: advantage in experimentation in space
for a number of reasons including their small size allowing
gheat numbers to be transported, their short generation time,
the small amount of material necessary for life support, the
ease off experimmntation with them,

The astronaut will return to the moon base every two weeks
during a six month perfod and he will stay at the base or near it

Ehed AonTH
for a period of five days,. He will return every two weeks because
along with his dutlies concerning the bacteria experime nt, he will
also have to perform other expeéiments, and specifically, as we are
suggesting, take tare of the Drosophila which will be located at
the moon base, The Drosophiéé will probably need attention
every two weeks or so, The experiments with the E, coll will be
done while the astronaut 1s on the moon. They will not be performed
during the period he is away, Bacteria multiply very rapidly
and their cultures would stagnate if someone were not there to
provide them with fresh nutrients, Beside, the short generation
time of the bacteria will make it possibbe to study many generations
o !

of the organism in the éiég-day period when the astronaut im at
the base, The experiment will be done during his f3%% d&&® stay but

the data may be analyzed while he im on his way to earth or in a

iunar orbiting laboratory,



Purpose:

The problem we propose te Investigate is what are the effects of
reduced gravity on the reproduction rate and mutation rate of
& microorganism, what are the effects of constant gEmwig high levels
of radiation on the organism, how domeExdifferent temperatures
rn€faekx modify the effects of the reduced gravity and high
radiation, what amount of lunar material is adequate to shiééd
the organisms from the high levels of radiation, Each experimatn
wil be redltively easy to perform and this will permit the

results of eatly experiments to be applied to later experimshiis.

Hypotheses:

Earlier biosatellite missions showed that the weightless state
affected the generation time of E, coli and that the mutation
rate was changed in the weightless state. Much the same results
are expected in this experiment, Because of reduced downward
acceleration, the bacteria should be able to metabfidlize more quickly,
excrete wastes more quickly, synthesis new genetic material more quickly,
and have a reduced generation time, In addition, the different
junar temperatures we plan to subject the organism to should modify
these mutntimwxymiws generation times, The high g::: of radiation
normally encountered on the lunar surface will probably be lethal
to most of the organisms, but with adequate shi&éding, this
hazard can probably be reduced,
Materials:

in the first few experiments we will be conmerned with those
bacteria that can grow on & minimal medium (weger, buffers, glusose)
This can be provided in elither liquid medium in an Erlenmeyer flask
or in agar, The agar will be handy for the weightless sztate but
it would be advantageous to use liquid on the moon because one of

the proposed experiments will be a turﬁidjty experimstin, In addition




3
th the mutrients w2%& which can be stored in a powdered form before
dissoving in water, petri dishes (plastic) will be used, Plastic
petri dishes are very light and small, Instead of Erlenmeyer flasks,
plastic bags could probabby be used, This would save space and
weight on the journey to the moon, In addition, £m%% pdeces of
felt will be used to assay the bacteria by way of the '"replica
plating technique''commonly used in bacterial experiments on earth.
Thus, the supplies are simple and will not occupy more tham a few
cubic feet of cabin space, The bacteria will be transported
on agdar plates to the moon lab and them transplanted to liquid
medium, Life support will consist of shielding from radiation
poovided by lunar material In the shape of a cone piled a few
feet high on the lunar surface, Temperature control will
be provided and the chambers which will be used to house the
Drosophila experiemtns will be used for this experimais too,
Experimental procedure:

a¥a

There will be about twelve opportunithks to perform £z days
experiments on the lunar surface during the six month period,
The first one will be spent(as deseribed in another part of this
report) taking experimental data (radiation counts, temperature, etc)
from inside an experimental mound of earth similar to the one
which will be msed for the bilologicalf parts 6f the experiment,
The information can be telemetered bgeck to the orbiting lunar
laboratury or to expérimeneers on earth who can use the information
to plan for the next plase of the experiment,

The bacteria will be cultured on the lunar orbiter and
those which have not undergone mutations will be used in the early
experiments, (wild type), These are easy to find because the
mutants will not be able to grow on minimal agar meddémm, When

the astronaut arrives on the moon base, he will again sort out




4
the bacteria te make sure the ones he {s using are wild type, The first
set of experiments he doés will be concerned solely with gesration
time, This can be found by using a light scattering technique
and reading the turbidity of the soéétion as a function of time,

Since the turdidity is directly prowstional to the population
in the solutdion, if the initial concentration is known, then
the concentration at any subsequent time can be determined, From
this information, it is a simple matter to determine the generation
time, This experiment will be done at 37°C,, QDOC., and 250c, Assay
of the orginial amount of bacteria present will be done on agar
plates, The experiment is very easy and can be performed easily
within a few hours, The experimenter will perform the experiment
at the three temperatures indicated at each of the three levels
in the mound,( see description of experimessal setup,) He should
do the experiment twice so that the prodedure will be followed 18 times,
This should net be any problem and may take a total of eight hours

)
during the ﬁi;:'days that he is there, If the expefldmenter runs
into any problems, the exxperiment can be repeated easily, In
addition he will also have time to perform specific tasksyg concerning
the Drosophila cultures, Meanwhile, on earth & in the moon orbiter a
@ set of control experimests will be performed,

The next time the astronaut goes to the moon, he will perform
experiments which will use both liquid media and agar plates, This
time he will be concerned with the mutatdéén rate in E, coli whibh
car be expected on the moon's surface with different shielding
provided, The procedure will be similar to the onngI!nxﬁ!xsxussn

1 Luria&Delbruck and subsequent experimmiiers, From

cultures of known concesmtration, plates on agar will be made and
the number of mutations will be counted(the plates will be mimimal

agar and the mutants will not clone), This experiment will aldow the




determination of the rate of mutation for any type 6f mutatdén,
We will not be looking forx specific mutatédns yet,

The replica plates for this and subsequent experissfig will
have to Bb shiélded from the radiation %% While assays are
being performed as well as possible, The bottom of the moﬁnd wiil
be an appropriate place and if this is n&6 convenient, the plates
can be taken back into the living quarters of the astronaut so
they will be shié@ded from the radiation as wellg as possible,

The next time the astronaut goes to the moon he will be using
lysogenic bacterda, These bacteria have viral DNA integrated in their
own DNA and radiation can be used to cause these bacteria to liberate
this viral DNA, When this occurs, the bacteria lyse and virus
pariticles are released, The effect of reduced gravity and constant
radiation at different temperatures can be studied, The procedure
will follow much the same pattern as before, Unmutated mkx lysogenie
bacreria will be utilized and the rate of &i%e lysis will be studied,

In subsequent :J%By periods, specific mutatdéom can be studied
utilyzing much the same techniques which are useful on the earth.
Information about radiationd effect on the replication =ms

of the genétic material can be easily obtained,

Conclusion?

The small amount ¢6€ space necessary for bacterial experiments
and the sase of performing the experi ments make them ideals for
a lunar mission, The effects of radiation, differdng temperatures,
and reduced gravity can be easily studied by an experimenter

..‘i'/z,
who will have £F® days every two weeks to experiment.



T
H E

N
A R
S

A

| S

5 S
WemN|




K. Apelgren
Group 1
Ron Reed~ Chman

PROPOSED MARS MISSION -Psﬁcxlxe 0314&‘ é’s@e c/JVS
Stress and Zmergency Conditions
Fatigue

Although of only relatively minor significance in
short duration space flights, fatigue could becomne a
major problem in long term flights. Such factors as the
disruption of the circadian rhythm, the mental stress of
high performance requirements, the need to verform monotonous
tasks, personality, and others all interact to produce
the complex phenomenon known as fatigue. The need to
minimize, i1f not eliminate, fatigue is necessary for the
success of the mission, since fatigue, boredom, and lowered
morale are all interdependent and will determine to a large
extent the mission's success.

There are several ways to approach the problem. First
and probsably most important aretthe methods of selection
and training of the astr;nauts. The selection screening
should look for not only physically fit individuals wilth
high pvhysiological reservesi, but also psycholozically
and sociologically well-adjusted people. The latter become
very important here since mental attitude and nmotivation
determine largely the amount of fatigue the astronaut
experliences,

A second way to attack the problem is to put GSR and
EEG leads on the astromauts with monitors both in the

lsee Borisov's Life in Spac

in e, Aus., 1964, p. 235 for further
detai@}.




spacecraft and back at mission control. By looking at the

data from these, especially the former, the astronaut

himself and/or mission control could tell when he 1s fatigued
and devise activies to combat it. The reliability of the EEG
and GSR data are at present limited but will prouably be
perfected by the time such a flight occurs. However, it should
be remembered that thls technique measures only the state

of arousal of the individual and not fatigue directly.2

For this reason it 1s of only secondary importance.

Finally, the astronauts® environvent must be strictly
controlled to prevent fatigue. The physical, as well as
psychologicsl, surroundings nust be such3 as to eliminate
(or at ieast ninimize) the fatigue-enkhanceing factors of
hyvoxia, confinement, isonlation, and Foredom. For instance,
Frequent volce contact with mission control should be
malilntained in order to maintain high morale as well as to
provide information.

To review, the problem of faztigue on a long duration
space flight, although serious, cz2n be minimized by carsfully
selecting and tralning the astronaute before flight and
constantly evaluating by both voice communicaétiasn and
telemetered GSR in flight their physical and psychological

(as well as possible) states.

zTechniques of Fhysinlozical Monitorinzg, Vol, 1, Sept. 1962,
pp' 71"720

3To provide for a healthy social and psycholozical, a2s well
as physiologlesl, climate, women should perhaps be included
in the crew.
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by mission will requlre the selection of an

A\
v

erception2l group of men, The intensiily of the vzrlous stresses pre-

sented to them during flight will be congiderably heilgntened byithe 500
plus days they will be required to spenc in.the space environment,
It is the reslization of this fact which callis upon us to require that

erytremely demancing standards be met by those who would participate in

such an endeavor,
With some variation, we expect the ave.age indlvidual .

chosen to be between the ages of 25 and 3¢, to be in ex cel]ent pnysical

cordition, to have courleted at least a bachelor’'s cdezrec in a biologial

or physical sclence or in engineering.
On the bzsis of the potential stabllity oifered to ihe
individual we would expecit a good nwrber of the most acceptable candidaies

to be marrled, e will not require any specific zlignment of the crew

structure on thne basis of past or present military affiliation, fecling

this to possess negligible lmrortzance for crew cbheslilon and morale.
The necessity of sclecting "men for the job" will make it

necessafly to add to the list of basic requirements, spcelal training and/

or educational requlirements which will sulX the men for thelr projected
tasks, In essence we Wwill ne & to select a group of cxperts capable of

performing adequately in ceverzl disslmllar disciplinary contexts. The




need for extensive cross iraining has therefore been introducea,

L

The crew size hzs bein set at siyx, de believe tnat larger

crevs will cccur only when large construction or full scale technical

proerams are conducted, and that expinratory programs will invariaoly

*nvelve smaller crews, itae composition of tae cacw 1s as follows:

Cormand Pilot - Imgineer

Vice Command Pilot -~ Astronouer
Fnysician - Engineer
zrxoblologist - Fhysiclan
Astrophysicist- Filot
Geophysicist - Pilot

T = R R

An e tensive aiwount of cross training 1s obvious. The

teneflit of this comes &n the possibility for accowplishment of wlssions
of a mordbomprehensive and sclentifically valid nzture in addition to

e-tenclve back-up c2ypablilities in cosgse of an accident or unforseen

debilitating experience,
Like a1l previous manned space fligiit selection t:zzus, our

*

Fars hisslon team must select wen or,maybe more appropriatel, a crew which

6}

is composed of men extrexely likely to complete the alssion and do it

without physical or mentzal impairient,
-
4s 2 help 1in evsluztion of a candidate's ability 1o cope

with the problems of extended space flight, ihe celectlion teaw should

avall 1iself of information frow intensive physical and psyceunological

in

[t

O

uiries , and from the medical history of the individual. Laborator,

tests and performzance studies under stressful and non-stressful condidions

—

w11l be used In the bhysical evaluation of the subject ,while extensive
nsycnological testing and interview procedvres mmet be utilized to ~ive
a reasonzble evalusztion in thzt arca,

Use of the word "evzlustion" wmust not lcad one to the conception

of a

\
401

e

ertain sepsritencss kn the physical and psycnologicel arcas of conceri,




Fvaluation in most 2reas are considered ss yrarivs of tre overall medlcal
ev2luation,

i We will now concern ourcelves with the psychologica. portion

g

of “he selectlon prosrawm, Tue purposzc of this 1s to assuss lhe werit of
vire cancidate iu terms of those psychologienl chavacterlstics whicn are
considered mosi icporidat for adcoplzbllic, to space 1light., UYhls requlires
th2t the exaniners understand the Job regulrenenis for spazce wisslous,

that the; formulate the psychological cngr;cteristius winlch wouwld scesilnzly

a4

contrivute most to efisciive job pericroance, anc that the c:

v

neicates be

5’\

asscssed fcr tuose ¢claric.erlilsilics,
ne personzllity are2s that sre ¢ encd wiost logzortzant to iae
sisglen’s succcss, and therefore thie oucs wilcih are of special interest to

!us)can be cztopgorlizad =zs follows:

1, Generzl exoticnal stab.lity: absence of reurotic or psychotic s;ugptows,

and freedom from problems in the soclal, marital or financial spheres;
2bility to tolerate stress and frustration without sligunificant emotional
symptomatology or impaired perforiaance,

2. High motlgatlion and energy level: demonstrated ablility to pursue

rezalistic and mature goals witn determinztion and initiative; capaclity
to think in a creative and flexidble manner whén unforsecn events occur,

3., Adeauate self-concept: sirong conficence in self and capacity to

give opinions and m=2ke independent cecisions without overcoucecrn; at tae

same tlize, abllity to drpendg on juc_ ewent of othershinen tie _issious

(%

Ay e e
w2rrenue,

4, Intorpezsoncl velationehiose:  avilit, to form satl

V

w

factory and proauctive

relationsniis with supervisors, pzors, and subordlnztes, out noct be overly

dependent on peoirle for swiisfuactlon; capaclty to fuuction zs a teaw b

o

3=

in =ny role,




~ To uncover data which would bear productively on these general

catebries of the evaluation framewors, an extensive vsychiatricec and

(4]

lgfychologicai eveluation of e=ch candicdate is made. Each apprlicant is
assessed by a variety of the intexrviews and test procedures given by
several ecxzominers. The assessment program consists of:

l. Psychiatric interviews

2. Clinical Psychological testing

3. Ferformanée stress testing

During the psychiatric evaluation gach evaluee is interviewed
by two psychiatrists. The first interviewlfgbtwo hours in lénkth; the
second, one hour in length, is the final procedu;e in the psychiatric and
psychological assessment. A psychiatrist also observes the subject's

performance during the performance test to be described later. Although

the interviews are ndndirective, each evaminer attemprts to assess certain

“areas which have bsen agreed upon. These areas include:

PN

1. Review of flying career and exveriences: the subject's

original and current motivation; his adeptability during training; major

goals and reasons for changes; evidence of outstanding »r ineffective
performance; reachion to frustrating exveriences; the gquality of his
relationships with co-workers and surervisors; and his reaction to corpetition
and failure.

2. lotivation for svace flight; the subject's expectations;

reallstic vs. unrealistic, the quality and quentity of motivation; his
current job satisfactions; and his alternate goals.

3. Farital history: the subject's marital ad justment; his

wife's attitude toward his job; his current gituational rroblens; the

mmily's adaptablility to past transfers and separations; causes for marital




discord, and response to them.

L., Developmental history: the subject's early relationship

with parents and siblings; causes of intrafamily tensions and applicants
response or particlpation; his early education history; his acadenic
achlevements; his social and sexusl aldjustment during and after adolescence;
and his avocational interests.

5. Psychiatric history: hospltalization or consultations;

symptom review; znd use of alcohol.

6. Current situation: the family relationships of the subject;

hig sncial and recreationsal interests; and his interpersonal relationships.
P 1

Gl ) ,,/: oo h oy e Coy ooney gk

T R N FE
“ One aim of these interviews is to screen out any individuals

with personnal or interpersonal adjustment difficulties which interfere

significantly with performance. Eeyond this, an attenpt is ma¥e to assess

the intellectual and personality characteristics wheih would z2ffect the
applicant's over all adaptability and effectiveness in a space prozram.

rwm Each psychiatrist tries to subjectively evaluate the personality
characteristics of each candidate in terms of the Job requireménts which
had been formulated. Less weight is gilven to emotional conflicts which
Li?em unrelated to job performance and effectiveness. Emotional conflicts
wncih are only partially resolved, and are considered to represent areas of
emotional vulnerability even though overt behavior is well-controlled,
might cause aniapplicant to be recommended with reservation. In additibn,
the influence that intrafamily pfoblems of any nature might be expected
to have on particiration n a program is cvonsidecrced, even though thz
rroblens way not be related to the aprlicant's personality or emotional
stabllity.

4
An attempt Is alss malle to ifdentify positive attributeg which




indicate a capaclity for unusually effective beshavior and performance,

One of the most important »f these is the abllity to perform desplte

physical and psychological stress. In addition, high motiwation and

and persistente are conslidered important for a program which will be

highly technical and intellectually demanding. High energy level, asggressive
pursuit of job oriented goals, and an enthusiastic apprrozch to work in
geneeal 1s also regoarded as hignly desirable, as is the ability to work
smoothly and cooperatively with others.

1

Each psychiatrist objectively rates a nurber of personality

variables. Definitions of each of the variables are developed, and used
as a gulde by =1l of the psychiatrists.lt is deéirable to make some systematic
descriptive statements about the candidates in this manner.

A six point rating is used. Each scale is positioned on the
form so that the hypothetical optimal quantity of each characteristic
will yield a straignt line; that is, the most adaptive individunl would
" have ratings which form a stralght line on the rating form. The first
group consists of certain conceptualized drives or motivations which are
reflected in interperssnal behavior. The second group of variables reflects
the individual's self-system andffeslings about himsgself. The third group
includes his accustomed defense mechanisms: It is here that urnconscious
factors which affect behavior are reflected in the ratings. These variables
are as follows:
1. Needs: affilistion; dependency: dominance; sexuality; hdstility.
2. EBEgo system: self-concept; emotional control; adequacy.
2. Ego defenses against: devendency; sexuslity; vostility:; lowered <elf-

esteem

=

Fathologic defenses: anxiety; sormatization; depregssion: symboligatioanm:

regresaion: and behavior deviations.




A job oriented rating is made of factors which sre considered
to be particularly important to the svecific characteristics of the job.
The following itoms are rated: Motivation, Independence-acssertiveness,
Interpersonal relationships, Emotional stability, Absence of reurntic
symptimrs, Perscasl uffaiis, and Fast achievenent. The final evaluation
is based upon clinical informatlon obtained during the intcerview.

These ratings are of some value in hilping the examiners to
consider the aprlicant's major personality attributes in a systematic
manner. Thelr primary usefulness will be in a later conmparison of the
individual's performance in s space prozram with an objective description

of p“TSO“°11ty variables
O oyosed fe i e

7
1. Jeons]er Adu11 Intedsdigence Scale is an individually

administercd measure of intelligencs, consisting of eleven separate Verbal

and Ferformrancz sub-tests; a well standardized instrument commonly used in

clinical evaluation of flyins versonmel. It provides measurerent of a

broad spectrum of behavior and adequate though not osubstandine discrivianatisn

at? the ubvrer rances of intelligence,

2. Miller Analogies Test is a timed group test correlasting

highly with gencral intelligence 2nd verbal achievement measures. This

L.

test consists of 100 multiple cholce paired analoglies. It is 2z well

6}

standardized test with comparable norms available, permitting differentiation

for V@Ibﬁl sbilitles at a very high level,

3. Doppelt Nathematical Rezsoning Test is a timed group test

consiasting of 50 multiple choice problems requliring the identification of

corplex matheratlicenl vrincinles. It is another well standardized instrument
wnose published normg enable hish level differentiation.
L, lIMintegots Tnvinsarine Annlosies Tesgh ig a 50 itenm hich level

objectlve neacvre of specific enainaerine knniledoa, co~hining featuras of




an abstrach reasoning test with those of engineering achievement. Excellent

standardization allows for goosd separatbon among candidntes 2%t high levels.

’ \ k‘x \'\‘f':‘ . N
ng\'”‘ P 7¢+'v 5. Rorschach Inkblot Test is a vrojective tesi counsisving of

ten ambiguous in%blots of various shudes and colors to which the subject

5}

18 asked to respond in an unstructured manv-or. It is the oldest =nd

perhaps most stable of s8ll the prujective malti-dimensional tésts. Though re
research findings about thig neasure are equivocal, its multi-faceted
contribution to the assessment profile plus the conslderable experience of
the evaluation team using this instrument with comparable porulations

resulted in its inclusidn.

6., Themztic Apvercertion Test is a projective test consisting

£ o serieg »f pictures depicting ambiguous, uSUQ11y internergomal situations

£

o}

about which the subject is unstructed to mak%e up a story. Multi-dimensional

sn2lysis 1s vossible. This is the second nmost widely used personnlity

test and one for which a great deal of compavable data is avallable.
7. Drow-A-Ferson Test is a brief projective test. The sudbject
igs asked to draw a figure of a verssn and then one of the onposite sex.

From thase drawings inferences absut self-concept, ego bounderies, and
poseibi} conflict arens can be wade. Waile the data from thig test are not

always contributory to an assessment in each cage, the drawings freguently

enable significant personality differentiations to be made when other

Leter in the tecting the candidate is asded to reproduce the forins fronm

nemosry. This test has been denonstrazted to be useful both as a neurolozmical
) : : -
screaening devlice and ag 2 proisctive technigue. i

9. Govdon Tersonal Ir {g a gelf adrinistered persomnlity




inventory couisisting of 19 tetrads of descriptive phrases "t provides

a gulck ziggesorent of five traltts: Ancendoancy, Besponsihility, Emotional
Stabllity, Socieslability, and overall Self-evaluntion. The maln virtues

of this test are the swall arount of tinme required fo.r 1ts adinistration
end the availabilsity of -~~~z rable Air FPoree norus.

10. Edwards Fersonal Freference Schedule is a 247 item personality

inventory in which the candidate must choose bhetwzen two descriptive
phrases 2s being more like himself. The test is then scored for 15
manifest needs, similer to thosge describved by urrasy, znd a conslstency
gcore which is a measure of profile stability. inie test hrs the virtue of

focusing on txa rCl“t1V“ strengths of normal personality variables rather

than caq,ea»raklﬁﬁ oh patnology. Corparable Alr Porce normg are availahle,
}

l .
11. The cbhupley bshevior gi-ulzitsr verftar-ance test is =2 test

f

in which a conmnlex ﬁask is used to sgimmlate the job cherscteristics of
systersg oparators t=eks., It utilirzes a Connlex Bchaviour Simulator in
combination with an information-~processing tas%. The information-
proceséing taslk requires a continuous auditory monitoring and processing
of signals by presenting single-letter llorse code signal in random orJder

et a rate of onz letter every five secconds. The subject's task is to

Hy

monitior the different code letters being presented and to signal, by
means of a push-button swotch correspondinzg to each code letter, whenever
he has he=rd 2 specified number of a porticular letter. Tn this particular
application the subject monitored threc code letters end reported whenever
he had recelved threce of any one of thew. Due to the swall amount of
practice time avaliable, the subjects were glven a memonic 2id for moni-
toriny the sign2ls.

This stress~tcsting was alloczted one hour rer subject. The
subject recelved stondardized ivetructions and practice on the task,

Fractice secssiosus vere carefully wonitored to insure adaguate perinranance




by the subject with coaching where indicated. Criterion for satisfactory
AUDIT performance was 100% signal recognition and five successively correct
ldentificaticns of randomly sequenced three-signal series.

PerformanZce on the Comples Behavior Simulator was evaluated
in relation o th2 score. of an "ideal" subject. ileasures of proflicncy
(bagsed on response time) and effiriency (hased on the number of signals
processed) were derived for each subject. On the average, this special
group showed é decrease of 23% in efficiency and an increase of 16% in
proficiency, values generaily like that demonstrated by the "ideal"
subject.

In addition, an auditory tracking task is administered in
conjunction with the hypoxia procedure during EEG studies. Each candidate
breathes an oxygen-nitrogen mixture containing abproximately 8% O2 for
four mirnutes. The combination of procedural factors such as nose clanps,
a mouth plece, andgther attachments, together with the physiologic stress
of relative hyvoxia producsd a situation in which stress-tolerance couvld
be assessed,

The tracking test 1s administered ss follows: Subjects are
fitted with zn earphone through which was fed a 600 Hz tone varying in
Intensity in & sinusiodal fashion 2t the rate of 30 €ycles per minute.
Thelr task is to rotate a potentiometer mounted on =2 bracket placed close
to the subject in phase with the signzl in ordsr to cancel the variation
In signal intensity. Perfect perforrance produced a barely detéctable
steady tone.

Average error per cycle for each 30 second period is computed
from'the error record. The tracking rating record is arrived at subjectively
by considering error scores and the avparent extent of physiolosic insult,

bzsed on the amount of slow wave activity in the EEG record.
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N. mariiou Okano
Mars FProject

EMERGENCY STRESS CONDITIONS: RAFID DE”OIFRLQ >ION

I. Introduction
seneral resvonses to rhysiologically stressing conditions

A,

N3]

1.

3.

Sources or c¢csusss of the stress

a. Low pressure

b. Temperature extreres

&. Gravitalional extreres

d. Imrobilization

e. Nutritionsl a4 fluid lack

f. Reduced csloric intake

g. Toxiz chemicals

h. Ionizing rsdiation

1. Disrupntion of Circadian rhythrs

J. Illness

k. Emotional distress

Fogssible effects

a. Increased activity of the syrrvathetic nervous system

b. Increased hormone secretion frm endocrine glands,
especislly the adrenal gland

¢c. Vascular darage or cardisc irregularities as a
result of high blood pressurc caused by "a'" and "b"
2bove

d. Gut dysfunctisan, imvaired nutritisn, and nausea
caused by blond shunt away from viscers

e. Diseased state from prolonged secretiosns »f adrenal
cortex

f. Reduced resistance to infection

Methods to meet the stress

a, Maintewnance of as normal an environrent as vossible

b. Frovisions ts miniwmize exrosure to the stresces

Emational distress

1.

Sources or causes 3f the stress

a. Isonslation

b. Confinenent

¢. Boredim

d. Overly close and extended contact with shirrates

e. S»ounds of metesrite bombardment

f. Fear of rossible digaster

g. Necessity of constant performance and resrtonsibility

h. Fatigue

Yossible effects

a., Irritability

b. Delusions

c. Yoor verformance

d. Irrstionzl bhehavior

Fethads *- meet the stress

a. Ferformance tasgskts tos relieve boredom

b. Close radio cont=act with xrond ststion and reassuring
patter

c. Occaslion2l rrivacy and free movement

d. Rpcwﬁﬁnﬁvnﬂl h;w{"“‘L

e. Irorver sfdvoveed training In syace travel gimulation
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I11. Rapid decompression as an imerotant emercency s'ress condition
A. Sources or causes of ravrid dec>mpression
- 1. Acclident or meteor Tuncture of spacecraft

2. Improrer gasedsus comrosition of the astmosphere

3. Sudden increase in rate of decompression

L, Vacuum in sp=ace

B. rossible effects

1. FPends due to partial pressure of inect gnases (esvecially
nitrogen)

2. Jolnt pains 7

3. Earache due to comrensated air rressure in middle ear
actinz on drum

XC Farathesias

5. Skin changes

6. Faralysis

7. Convulsions

8. Inetrfective coughing

N9, Visusl distrubances

10, Cona

11. Abdominal pain due to> vncomvensated rressrres of intestinal
gases : '

12. Dassicatinsn or boiling of body tissue~s at sufficiently
low pressures dus to uncompensated vapor cressure of
water . :

X&', Atelectasis

.14, Hypoxia
- - a, S8leecriness
. b, Hemdnache
i c. Lassitude
d. Altered resvir-tory activity
e. Incrsased heart rate
f. Impalrment of thousht procesces
g. Inability to verforr simrle tasks
h. Eventual loss of consclousness
C. HMethnds to meet the stress
/¥, Pressure suits and rressurized c2bin
[ 2. Self-s=2linz mzterial lining cabin walls to meet meteor
\ puncture
);i. Maintenance of normal sxygen rpartial pressure (about 1731
@ . ©mmBg, rinirur)
ol A, Avoidance of large armounts of nltrosen
/5. Only zradual press re chances when leaving or entering
( a cha~ber
¥, Frovisisn of emercesncy »>¥vzen <urpplies 'mn cas: of

}a
ﬂ”ﬁ““7'

D.

10

2.

3.

, 5.
e E.

accident
Acclimation of astronants to low osxygen tension by
chronic exvosure

Decorpressiun sickness and en ironmental fachtors

Temperature

Gassous comroaitiosn of atmosvhere

Rate of decomoression

Fressure chanoe

Duratisn »f exrosure Lo reduced rressure

Decompressiosn sickness and versonal factors of astronauts




P

1. Age
; 2. Individual susceprtibility
goledl =] 3. Activity
| 4, TInysical condition
{ 5. Fast injuries
OF, Theory of descompressiosn sic'™mess
1. Resuvlt of nitrogen dissolved in the body flulas and
tissues coning sut »f sorlrtism avd farmnine bubbles
uader conditions of reduced atmonspheric pressure
2. Also, possible result of buhhles of carbon diosxide,
oxygen, heliun, water wvapor, etc.
II1I. Summz2ry a2nd Conclusion
A. DMost outastanding effects of rapid decompression:
rhysinslozical effects
B. Fsycnological effects a»f rapid decompression: fear and
panic
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LONG TERM CONFINEMENT AND THE MARS MISSION

Confinement in the space vehicle for a period of one to two
years has besen foreseen as a source of concern in the planning of
the Mars mission, In crder to:establish a picture of what may
happen during this long term confinement, one may mkke a literature
search for acoounts of similar experiences of confirement
particularly the accounts_ of subuarine life, isolation at the polar
fce stations, and accounts of sailing, In general the behavior
pattern of a group experlencing such confinement, particularly in
a stress situation (such as a shipwrack) involves the formation
of the group, inhibition of hostility or at least displacement of

hostility, a mid-term depression and high attachment to social role,

There is an increased sensitivity to minute stimuli, This may develop

to thas point that the perscen enters a paranoid state in which he
feels his friend is trying to poison him or kill him in his

sleep, One can not tolerate the clearing of throats, coughing,

or any other now ®irritating” sounds, Toward the end of confinement
the ment~~s of the group cun show greater hostility and show more
activity and release their aggressive tendanci s (adolescent
behavior), To cover the psychologlcal points more specifically,
there is a limitation of mobility, a monotcnous environment,
prolonged commitment to an exacting task all causing psychological
stresses in addit®on to the interparso~~1 strecses,

Interpersonal strife may lead to the development of resentments
and a lovering of morale, an Increase in errors of operation and

incidences of poor judgment,



Although the confinement anticipated for the Mars Mission
seems to be a major problem, due to the nature of the crew and
their training is may turn out to be a secondary or non-existent
problem, In such a mission, the men will be highly selected,
will probably be a homogeneous group, and will have been together
as a group throughout training, Since the training prohtam
considers all the candidates a equals, i,e,, such criteria as
rank are not used to determine status, their should be minimal
friction due to group differences, Since the group has trained
together there probably will have emerged a social structure of
leader and subordinate, a structure which will be carried over
into the crew for the space ship, Their roles will be relatively
well-defined, although i Is recommended that there be a degree of
cross-training to prevent the subjugation of one member of thg
crew to the position of technician rather than scientist-pilot,
These men will need to have schedules which include adequate
time for recreatinn and privacy. The problem of recreation in
such small quarters as the space craft will rcoquire some imaginitive
thinking, however, perhaps the computer may be diverted to entertain
the men during certain perjods, As for privacy, a quality which
will most definitely be needed on such a long flight, some provision
need be made for providing a place where the men may go to be alone
even if i+ is on' a curtain around their cha?-. They also nced
to have some area which they can call their®s,

The ronotony of the environment may be altered by changing

decor In flight as part of the vecreation progranm,




Because of the long duration of the flight, and the tendency
for confinement to magnify certain characteristics, it is important
that the crew members be school in the recognition of the warning
sigas of mental illness, If a crew memberX® exhibits such symptons,
tho other members may be able to prevent him from entering into a
severe psychotic state or at least mitigate the results of the
psychosis, Paranoid reactions have been noted in men isolated
in the Canadian woods an in Anartica and thus the possibility of
mental illness is not remote even though the crew has been selected
most carefully with regard to psychological make=up,

An understanding of the space and space craft environment is
jmportant, If the men understand their position they will be
less apprechensive about it and will operate more efficiently,
Further, if they know when they will be returning to earth
some of their ghxieties will be reduced, These ren need to have
an junderstanding of their feelings and those of the other ecrew
members,

One problem which does pose a major threat to the mission
is the nocd for contact with friends end family, It seems
rather harsh to doprive the crew members of all contact with
home during the flight,k Indezsd it would be expected that the
anticipation of news from home would keep up the crew*s morale,
During the Mooh shots the mon have been informed about news and
their famliiles, iowever, problems aris. when cuefe is a tragedy
at home, 1.e, vhen a membar of the crew*s family dies, The question
then raized would be whether or iflot to tell the crew eember,

The shock of hearing coupled with the rermoteness of location
might lead to severe psychological problens, Furthermore,

r
the crew morale might alse drop post-nows time becauss they



realize the remoteness of thelr position and the impossibility of
returning home,

The existence of conflict between military and e~ivilian
crevmembers has been considered, In a less structure and less
trained group, such long term confinement might lead to problems
resulting from the different views of commands betwcen the

PRV GRS
two arecas, s However, in this propram, such differences are
minimized to a great extent during tralning and thus one would
not Soresee any problems due to milissry civilian strife,

The men chosen for the mission need to have a great deal
of commitment for the goalj they need to be dedicated to the
mission and to their fellow crew members, They nzed to be men
who are sensitive to the nesds of his crewmates, They need to
be well-adjusted men who are able to direct their hositilitges
fnward end have low levels of generalized anxiety and aggression,

In summary, the problems of confinement to be found on the
Mars Mission are minor because of the nature of the crew, The
major problems for the individual will be the need for privacy
and social identity and perhaps the question of remoteness frem
home and loved ones, Interpersonal strife will be low becnuse
of the crew cohzsive nature, The povblems of nonotony and
the provi=ions fer recreation and relaxation prasent themselves

as the major obstacle in the leng term space flight,



CIRCADYAN RHYTHMS

THE FLIGHT TO MARS

é){ E"'fc ) H;GQ{@bo!



Circadian rhythms- The Flight To Mars m

Circadian rhythms are of great interest to biologists when they are considering
iongetern space flights like the flight to Mars, Unfortunately it 1s also a fleid
where much research is needed; little is defindtely finown concerning wvhat to expect,
Concerning behavior there is even less Ynown, Most of the rescarch deals with lower
l1ife forms, and extrapolation to man has been questioned, This field is just now
passing out of the theory stage, Excepthfor a small school of sclentists led by
F.A, Brown, most are in fundamental agreement about the basiecs, It is granted that
every cell has particular circadian rhythms, and that many cells(tissues, organs)
have synchronized rhythms, The body as a whole is also lohked upon as having many
circadlan rhythms which, though not synchronized, have particular phase angles rele
ative to each other, It Is thus possible to draxw a phase diagram on which are pre-
sented the proper phase relationships of the many rhythms, For each rhythm, bio~
logists can work out the range In amplitudes relative to time, Emphasis is placed
on defining the times of maxima and minima, These circadian rhythms are considered
to be endogenocus(based on internal control), but it is important to realize that
they are entrained by external environmental factors(zeitgebers)., The most import-
ant is light, and of secondary importance is temperature, These naturally rhythmic
phenomena help to eet up the perlods of the endegenous circadian rhythms, and also

are important for the propzr orientation of thz rhythms relative to each other,
( Pittindrigh, 1967)

nght is consddared the priciple "zeitgeber" for all animals, but many scien=
tists are careful not to say this of man, Such a notabie man as F, Halberg(1960)
has gone far encugh to say that man's social schedule may wall be his principle @
"zeitgeber®, Jurger Aschoff{1963) argues for the ~2ame pctit by pointing out thet
a newly born baby shows neither the 24 hour sleep~awake cycle, nor the body tenmper=
ature cycle until he is one yeer old, Re feels that this strongly indicates such
rhythms are learned, Pursuing the idea of soclal influsnce, he goes as for as to
mention that the presence of a clock is often suffieient to keep an individuaxl’®s

rhythms in propor phase and with a 24 hour pzriod,



Circadian Rhythms « The Flight ¥o Mars

In a2 recent publicati on D,N, Orth and D,P, I1s12nd(1969) have given the reason
they think such emphasis has been placed on man's sécial schedule as his primary
"zeitgeber", They point out that in most studics no attempt is made to dissociate
the sleep-awak~ cycle ffom the darkelight cycle, This has beer the case because
man s naturaliy diurnal ana tends to sleep when it is dars, Hhaving as much control
over his »nvironmc..t as he does, man usually manipulates it no matter what the nat-
ural conditions so that it is dark when he is sleeping and 1light when he is awake,

what D,N,Orth and D,P, Island(1969) have done in their research with 17-0HCS
is to dissociate the sleep-awake cycle from the the dark-light cycle, One example
would be wiare after 8 hours of sleep the person awakes but remains in the dérk for
4 hours, Their results show that it is the change form dark to light whih is the
important synchronizing event, Nelther the léngth of darkness, nor the change from
1ight to dark play any role, The sleep=avake cycle has its only effect indirectly
in that on awakening one usually goes from the dark to light, The only reason for
maintaining an 8 hours ofdark(sleep)~16 hours light(awake) is that studies have ¥
shown man neads 8 hours of sleep, It is interesting to note that because of the
relationship of 17-0HSC to sleep, the sleep pattern tends to change also but be-
cause of man's veluntary control he can keep it rom following the 17-0HSC cycle,
This is not donez, however, without ang detrimental effects,

Circadian rhythus are typically physiological phenomena, but behavioral rese
ponses hzwe been known to vary due to these physiological chenges, Performance §
and reaction tirme have both been shown to have a circadian rhythm, Psychologists
often study physiologixtucal changes brought about by cognitive stresses, An equals-
1y valid approach is te study the effect of a physiclogical stress on behavior,

This is the case X with circadien rhythms, The behavior change may be dircct &n
vhere it is mediated by the nervous or endocrine systen without on being necessarily
aware of the physlocleglical stress or change, In the case of severe physiological
stress, tho cognitive appralsal of one's situation may alos cause behavior changes,.
this can be calzed an indirect effect, (Lanarus, 1966)

As noted earlier, in a completely normal situation circadian rhythms have a



Circadian Rhythms - The Flight To Mars

direct effect on behavior, Dedésion making ability and reaction time peak during
the day, This was péinted out as early a 1955 by B,0, Bjerner, He studied 3 shift
workers at a gas plant in southern Sweden, At the plant, workers had to make hour~
ly records in log books and make simple calculation to do this, By studying the E\
frequency of errors he concluded that errors peaked at 3pm and 3a.m, He had two
peaks because in essence he was dealing with a population in which darkelight cycles
were 180° out of phase for the night and day shifts(afternoon a blending effect)®
The highest peak was at 3 a,m, The mourning shift had the least number of errors,
the afternoon X¥¥ a median amount, and the night the most, Thsi indicates the
night shift nver fully adapted, ONe may wonder if the same will apply in space or
if there was somz mediating factor causing this,
Reactlion times were studied by K,E, Kleine(1967), Reaction times are, he says,

a measurement of "ability to perform complex psychomotor actions a s quick and HME
as accurate as possible," He reported that reaction time was at its best between
2«4 p,m,, &nd at its worst between 2-3a,m, Thsi study agrecs with Bjerner concerne
ing 2-3 a,m, being a bad time if one is concerned with accuracy, They seem to be
contradictory concerning 2«4 p,m, Further studies should be made,

All of the above should be considered in spaceflight, Schazdules should be are
ranged so that critlical BUXISHz operations are performed at the peak of one®s daily
risz in efficlency, LIft=-6ff could easily be adjusted to take this into consider-
ation, For landing,or placement into Mars orbit, one should anticipate the time
of arrival and gradu3liy manipulate the crewds circadian rhythms so that thay are

at peak perforiance whon the critical time arrives, The manipulation could be &
accomplished by slow'v chang®ng the lightedark cyeclc, Th?* would have no advere-
effect; rapid changes are needed to cause dasynchronoesis, From another light thdﬁ
may not cven reproesont a problem, Crews will probably be larg’and divide}into shifts,
It is quite probable each shift would be large enough to fully operats the craft,

Thus a ghift &6f the crew could alvasy be at peak prerformance,

Circadian rhythms alse effect behavior directly in ebnorinal situations. One
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such case is desynchronosis, Rapid trancportation has unveiled th}i}problnm by
transproting men rapidly aross many time zcnes, One's endogenous rhythms continue

at their prvious rhythms despite the vast change in the "zeitgebers" relative to

these rhythms, Thus it is night when btack where one cama from it is day, yet one's
endogenous rhythms tell you to bl active brscausey have boen entrained to the old
light-darf cycle, A conflict arises that one is unaware of unconscious, of its presence
The rhythms respond by losing their proper phase relations and interrupting

one's performance, The single circadian system loses its integrity; the

constituent rhythms lose their phase relatfons, The results in physiological

dnd behavioral cha:ges,

M, C, Lobban (1965) dasynchronized volunteers in her lab and studicd
body temperature and renal exeretion, Her study showed that the body temperature
rhythn quickly adjusted, but renal excretien was sometimzs abnormal after six
wecks, Thus the results of des’nchronization can be long lastinz, Behavior is
often affected, G, T, Hauty (1965), studied reéction time, decision time and
fatigue in volunteers after a raplid flight from Oklahoma City to Tokyo,

In 211 threc cases he noticed adverse effeets and things did not return to normal
till after three days,

If man were tu Ue rocketed into space and then subjected to a light-dark
sequence radically different (the oxact opposite of what they would be experiencing
on earth) , they too would probably show signs of desnychronosis, True,
the astronauts would adapt as passengers do on earth Xwithin tuo to three days,
(perhaps more),but they would be vorking bolow their peak performance for one of
the most eritical prrleds ¢f their flight, The =¢lution o this problem would
be to regulate the lightedark cycle (slecp-awake cycle) so that it is synchronized
wvith their usual cycle en earth, IhiS hass the added advantage of making
communication with earth easy if ther: is only one shift, Further manipulation

s required and dosirable with large cvews, Tt is desirvable that soumeens aluaye

be auake and on watch monitoring equipnent and watching for emargencies,
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Thus the shifts must have ..their sleeping periods staggered, (Strughold, 1965),

Yet the maximum period for standing watch should be 1limited to four hours,
so ther: must He at locast six crewman or shifts If each is to take only one shift,
{Leenov, 1968) This number rcould be lowered to three by baving cach crewman
2

or shift stand watch for four hours, relax for fggr hours, and then stand watch
for another four hours during his sixteen hour awake period, Working in such
shifts require or result in different light-dark cycling for each shift of the
crew, O:e question which may be asked is how should the astronauts be maneuverad
into their respective lightedark cycles, If this is done in spaca after 1ift-off
desynchronosis will arise, A suitable schadule could be worked out which
prevented desynchronosis through a slow schange, but wvhat would happen in the
meantime, Another alternative would be to adapt the shifts to their particular
light-dark cycles three to four w2eks before launch, If this is done,
from the moment of lauinch, one shift of the crew is always ready,

1 have made mention of making use of dark rooms for sleeding, rooms
which are perpotunlly dark except when tha shifts are changing, The crew
should be able to move in and out at will, but activity in this room should
be 1limited so as not to disturb the sleepers, This is done both because
sleeping is easier in a darkened room, and because the phase relations of
circadian rhythms havé bteen shown to be disturbad by constant conllitions of
1ight or darkness, How true this is for man is In question, Lowzr animals nced
a variable external light scurce as a time cue, In the absence of clocks this
has also btzen provad for man, but with clocks man can decide when to eleep;
vhen élecping, even in a lighted room, one is effe.cively in the dark,

Thus by simply using a watch man can volunterily change his lightedark eycleg

W

or keep it the game, The above being the case, one can seen that one has rore

choices besides darkening rooms periodically, OCne lighted room could b2 usad
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The room being lighted, the shifts could move in and out easily, k There belig
oulv one room for sieeping, space would bo uaved,

Tiie above treais sleep c¢nly in that darkness is assoulated with the slezp p~riod,
but one of man¥®s circadian rhythms of rarcicular attention is his sleep-awake cycle,
Isolation experiments have showr that men tend to sleep fer eight hours and be
actlive for sixteen hours regardless of the absence of any time clues,

Obviously this represents an endogencus rhgthm, Unlike the other rhythms which
are free from conscious control, the slecp-awake cycle c¢an be volunteorily
disturbed, Thus some ptople may force themscelves to get by with six hours of
sleep, or sldep for elght hours but in two four hour periods separated by activa
perioeds, Man can usually suffer such distortions withoué any noticeable effects,
but under added stress the eight hour sleepesixteen hour awake sycle has besen
shown to be by far the best (Hartman, 1967), Not only must ene worry about th»
duration of sleep , but‘also its quality. The sleep period should consist of

at least .23% RTH slcep, If not the astroenauts will show irritabiitty,
anxiety, and difficulty in concentrating (Eg;ent, 1960) (Johnson, 1967),

Conscious digturbances of the elght hour sleep peried can also effect other
rhythme, if instead of slecping for one perhod & day, one sleeps for two or more
pericds dividzd by pariods of activity, This is disturbing because it is the
shift from dark to light which is the main synchronizer for animals and man,

The guaranteeing of the proper quality and duration of sleep represents a
problen in space, Living in such a stressful situation, sleep would b2 expaected
to be difficult, a’d has proven to be such in the pest, Sleep inducing drugs are
thus requircd, To he effective the hypnotic sedative drugs should fulfill
three requircrments suvggested by Oleynik (1967), They erc: 1) *ellicit trestful
sleep®, presumably by sleeping the normal REM, NREM ratio," 2)%permit ease of

arousal &t eny time frem drug ingestion,® 3) Yeauze no or minimal iwpalirient of
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performence at any time after taking the drug." Some further criceria should be
addedy; it must not be harmful when frequently used, and-the drug must be founa
sui*able for a situations in which there is no gravity, The barbituates

faii by decreasing ivhe REM (rement, 1960) but the following are three poseible
dnugs, their dosz, and the resulting LIM-NREM rutioes, The normal REM=NREM ratio
is 237 REM, Cnlordiazcpoxide at 10 mgm causes 25% REM, Meprobamate at 400 mgm
produced 21%, and Methaqualone at a dose of 150 mgm causes 21%, all three appearing
to be suitable, ( Oleynik, 1967)

“Circadian rhythms may also have an indirect effect on man's behavior,
Desynchronization resulting from any aspect of space travel may cause the
avarceness that somathing is not right, The avareness of this disoricentation is
a good source of psychological stress, William Dement (1960) noticed this in
one of his subjects during en experiment, The subject paniced,

T Would like to close by §aying that much in this line of rescarch needs to
be done,. One line of endcavor is sugeosted by C.M, Winget (1966), What
effects do different intensitices and wovelengths o have on the synﬁhronizing
ability of light? If David Orth-applied these variables to his ,experiment

mentioned earilier much could be learned.
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Spacebound, man will encounter muny hazards he has never known
on exrth. Uoumpzred tc the relatvively new phenomenz of welygl.tlessness,
sngvular =rceleration, and chronic isolation tiie problems of rzdizstion
erposure sounc like o01¢ zcqualintances, Vet of ~11 the dangers thas
orne verh=pe is the most verious znd the least underztood. Nowhere

on e.rth can the broad and ever-chonging spectrum of galactic radi-

ation be duclicated. Studies have becn atlempled utllizing longs

l..h

range projectiles, =riificinl sztellites, =and pilot balloons to
czateh 2 glimpse of the ienzce in 1ts natlural nabitat, wWith the aild
of the synchrocyclotron investigation of high energy protous has
entered the re:lm of the possible, Clinical czxses of therapeutic
radistion trestnent as well as the Jopanese atonlc boib casualities
have suzplied information about the huirzn elewcnt of this problen,
A1l totnled, these studles £t1l1l cunmnotl cdequatel; aprroximate the
conditions of :trolonged spaceflicght, Even ihe recent w:nnea ventures
into spzce intimate 1ittle of what longer flights might entall., The
questions remzin s teo the flux and nuture of the racdizilon men will
experience, how it will affect him, 2nd whzt are the best neans of
protectionr for him.
Sources of Radlation

There are two types of radiation to be considered. The first isc
electrocagnetic ranging from niero- to gauma rays, Starling at the
lover end of the spectrum mwicro- or radio waves have 1little known
effect on body “iisscue, In the infrared reglion hezt waves pose sone
problens for the cooling system in the spzcecraft and EVA suliils as
well as the more serious thre2t of retinal buins. Even visible light
can be hazardous with no a2tmosphere to soften extreme contrasis of

shadow and ligbt. The problem could become criticzl lo a pllot



attempting to check his control panel. Continuing into the short wave
or ultraviolet region again special care must be tiken to shield the
eyes from damage, At the far end of the electromagnetic spectrum are
the x-rays and gawma rays, Although their penetratlon powszr ls size-
ahie their low specific ilonization mzkes them less of a threat then
high energy charged particles,

Theze make up the second type of radiation, ionizing radiation,
It has been estimated that over 707 of the particles of primary cosuic
radiatlon are prrotons with energles ranging from 109 to 1018 ev per
particle., Alprha rarticles make up nmost of the remazining contribution
with the heavier muclel composing only 1-2% of the total.l The
greatest source of radiation comes not from the far reaches of space,
but from only 93 million miles cway in a neizshboring nuclear reactor

termed the sun. It supplles a steady strezaw of high energy protons,

23

radio frecuency waves, soft x-rays, electrons, 2lrha particles, and
W b ? 3 - b

-

U]

ionized gas clouds. Turbulent, even at the best of times, 1ts 3 1o

4 year pezk of the 11 year cycle way include as many as 5 or © wajor

[

flares. The earth is shielded from thesge by L1ts =twosphere and the
Van 4Allen belts which zeomzgneticzlly trap charged partlclec swe;ylng
them out =znd away from the lower atmosphere,. Protective though these
belts are for man on euarth they do present a problem to spacecraft
that pass through themn,.

Besides these natural sources, man in space may also have to con-
tend with radiati-m froi1 the nuclezr-reascivor pooepulsion or powcr Y S -
tens of hie own ship. ©This poses specisl shielding probleme., Then
too &5 on =ny voyage to new lands unexpected d.nger in the forin of
unxnovn reglons of high flux mey erlst, Thils neceszitutes & monitor-

ing device on the spazcecraft which can detect an lncerezsed flux and



and alert the crew to speclal safety precautions, This may lead to
a viclous circle, for even the nonitoring devlces themselves as is

true with the rest of ihe ship'

s supplies and equipment are vulner-
able to lonizing destruction. Assuxring no criticzal malfunctions of
the ilustruments the essencc of the radiation story can be found in
ite effects on man, a crezture so complex and delicate tk 2t a single
unshielded exposure cculd annihilate hin,
Effects of Radlation

Fan dn cpzce will be an active participant in his flizht, Thus
the level deewed safe for him muet tlz2ke into account not only his
survivel, but the fuact that he wmust eificlently function. 4s always
Individauald tolerznce levels vary. Fart of the screening program for
ers should include tests for rezction to anti-rediation

o

drugs, In the Apollo mission a2 ceilling of 20 rad was aimed for, 25

from deily dores in spite of shielding and 25 more for emergency ex-
posure, 2 For & fiight of several ye:zrs duration £5-20 rem per year

hat been tenatively crecented as 2 pernlssible dose.? 4is seen from

Table 1 relatively few efiects are anticluzted at thils level coapared

to the acute rotiation illnes: cxpected from increased exposure (Grapan

1). But is even thisc low exposure t00 1uch? as guoted from Tobias
and Slate, 1962,

Although 1t 1s generally zagrecd upon that only & swmull
percentage of incividunls expogured to 100 rad will suffer
from nauses or other subjective of radiation sicknesg,
much lover doses are requlred to czuce certain physiological
and patholerrlcla ~hznges., Taous, ra”iz2tion loses as low as
5 to 10 rad reportedly cauce ilunmeviate teuiporary decreasc in
the photﬁc resronse of the eye, and a detectable drop in
lyuphocyte count may occur after doses of 50 rad or even less,
hltu 2 50 to 90 per cent degression occuring with doses of
100 to 200 rad. Doses as low o 25 rad to the testicles,
elther loczlly or as whole body erposurc, have been reported
to produce a detectable decreasce in spera count, Furthermore,

U
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Dose in Rems

0 to 50

50 to 100

100 to 150

150 to 200

200 to 350

350 to 550

550 to 750

1000

5000

TABLE 1

FPECTS OF ACUTE RADIATICN LE. 10

Expected Effects from Acute Whole-Body Radiation

Probable Effect

No obvious effect, except, possibly, minor blood changes.

Vomiting and nausea for about 1 day in 5 to 10 per cent of exposed personnel.
Fatigue, but no serious disability,

x
Vomiting and nausea for about 1 day, followed by other symptoms of radiztion
sickness in about 25 per cent of personnel, No deaths anticipated,

Vomiting and nausea for about 1 day, followed by other symptoms of radiation
sickness in about 50 per cent of personnel, No deaths anticipated.

Vomiting and nausca in nearly all personnel on first day, followed by other
symptoms of radiation sickness., About 20 per cent deaths within 2 to 6 weeks
after exposure; survivors convalescent for about 3 moz}ths.

Vomiting and nausea in all personnel on first day, followed by other symptoms
of radiation sickness, About 50 per cent deaths within 1 month; survivors con-
valescent for about 6 months.

Vomiting and nausca in all personnel within 4 hours from exposure, followed
by other symptoms of radiation sickness. Up to 100 per cent deaths; few
survivors convalescent for about 6 months.,

Vomiting and nausea in all personnel within 1 to 2 hours. Probably no survi-
vors from radiation sickness,

Incapacitation almost fmmmediately. All personnel will be fatalities within
one week,

(Adapted from Glas=-tone (ed.' The Effects of Nuclear W . sons, A.cmic Energy Commission, 1457,)

NASA e Sciences Data Bock p 80




experimental work in the USSR has revealed behavioral mani-
festations, for exanmple in such end points as tuste cues,
radiation aVOlndunce {sicdd, and conditionzl reflexes, in
nervous systei expostres With doses of on]y 5 to 10 rad.
In fact, effects on lhe usual threshold have been reported
aiter expocure tn doses less than 0,01 red. stlimulation of
retina aftir less than 1 rzad, and udio*en%c selzures have
been produced in mice by less than 10 rad.
Thus even transitory exposure to low radiztlon levels can cause
damage, The most criticzl targets include bone marrow,spleen,
intestine, gonsds, and the brain. Ain important arez of neuropnysi-
ology is devoted to the detection of brain damaze before a chronic
level 1s reached, ILastly, radistion chinges in the adaptive regu-
latory furnctions ~f the body's systems may lower man's toleraznce 1o
other flight factors or combine with them for o catastrophic net
effect. On the other hand, the sum of factors may not be entirely
harimful, Rabblts irradiatzsd in & total cosze of 300 rad for 2

ronths showed no substantizl change in the blood-generating organs

W

but the same irradiztion combined witnh vibration and decrezse of
barometric pressure produced marked chinges in the bone warlrow in
half that tizme. On the other hond, A,4, Svesunikov and a,V. Sevon'
kayeva exposed 8 doge to an irradiation of 9 roentgens a day for a
total dose of 200 roentgens., Four of the dogs were also subjected

to vibration, noise, and a decreased atmospheric pressure at the time
of irradiastion, In this case functionazl changes in the vestibulaer

apraratus were noled only in the group subjected only to irradiation.>

lr'(

Not all the effects of radiation are imuedlately apparent,
Late effects such as life shortening and genetic diamage are difficult

to aseess, The followinzg 3 p:ges relate @

(o]

4]

incremerntztion to long

5

term damage,




PROBABILITY OF GENETIC EFFECT %

'

LONG TERM EFFECTS OF RADIATION LE. 18,

In addition to the life-shortening effect described in I.LE 14. and 15.. where death is from all ordinarv
causcs, radiation is followed by an increased incidence of leukemia and by damage to the gencs of the
reproductive cells,
The leukernia effect is given as a probability of

10°8/r/yr
for at least the first 20 years after brief exposurc to whole body radiation. (Based on Atomic Bomb
Casualty Commission data collected in Japan.)
The genetic effect is expressed as a probability of

25 x 10'8/r/gene, for males, brief exposure; and

5 x 10"8/r/gene, for males continuously exposed,

These are based on mouse experiments showing recessive visible mutations produced by {rradiation of
spermatogenial cells. (Data of W. L. Russel, ONRL.) DMan is expected to have genetic effects fairly

close to these in mice. If he has from 10% to 109 genes per germ cell, then the probability of genetic
effect would be approximately what is shown in the following two graphs.
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on the shortening of life duc to radiation.
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RADIATION AND LIFE EXPECTANCY CLE
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LIFE EXPECTANCY BEYOND AGE 20-YEARS
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CONTINUOUS EXPOSURE~-RAD/ DAY

The estimated life expectancy of a 20-year-old population exposed to fixed daily doses of whole bocy
radiation, continued until tim= of death, Deaths would ho from &' aatural causes, not frow L uier:!s
and other illness related to radiation. In fact, comparisons have been drawn between the effects of
radiation and the normal process of aging. (Compiled by Webb Associates, 1962.)
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The most devastaling eflect of radiation could be fecr itself.
’ The menazce 1s invisible, intangible, and uncertain, The symptonms
of radiatilion sickness in tae first stoges could be ecsily attributed
tr other cavo:ii znd tucrefore nmske wreatvrent didficult. Dosimeters
may indlczate the level of exporsure butl 1ell 1little else. DNot zll
Individuals will receive the szme dosc or react the szme., Cut off
from the protecltive atmosphere of earth znd in a strange enviroment,

hov wlll the voyzgers bezr up under the strain of kunowing or rather
J < - Q@

not knowing wbhat the radiation tiley cunnot escape from is dolng 1o
then? Idle talk simumwering for months about mulations, drastically

o

~tene

(o]
=

Yy
S

lives and irreparable brain demage could well disrupt the

moct eificient and stable of crews. Then too, danzge of the endo-

crine glends vgsetiing the hormonzl bulance or of the brain iisell
could creote further sitress physiologleally, Finully, who of even
the most hardencd could remain untouched by feur 1f even one of the

crew mernbers accidently recelves enough exposure to critvieally affect
Protection From kadiztion
Knowing some of the hazards the ¢uesilon remains as to how to
protect man, The best method lies in avoldance of high radiztion

zones, kKnowing the two maln sources of radiatlion arise frowm the

]
b~
=

Van 4llen belts and solar flzres the donzer can be minimized by prior

~

consideration of the course. A polar trijectory plus the least
posaible time spent pascing through these belis solves the first,
Planning the flizht to colnecide with the qulet period of the solar

cycle takes care of the second plus the help of shlielding. Because

of the welght linitation complete shielding is lmpossible but a type



of storm shelter employing the ship's geometry, supplies such as
water, eaqulpment and partizl body rhlelds scem to be the most feus-
ible solution, Below 1s a diagran of what hovpens to parti-les os

they collide wii?

the cpocecraft snd i+e shielding. The lighter
charged porticles, the electrons and positrong, are stopped by the
shlelding and the energy 0f the colllsion 1s relessed as bremstrah-
lung or gemma rays. The hezvier end nore enerzetic particles such
as protens, alpha pariticles, and beyond can pass through the shield-

ing colliding with egulrrent or m=an himeelf within the spacecralt

through. Whenever a collislon occurs, secondary

o

oss cntirel

or

o
t
<

pzriicles may be produced and further conplicate the duanger,
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From the previcus discussion it can be seen that exposure to
o mininnl amount of radistlon is irevitable., This coes not pre-
clude cigngter. LEven with the :hielding of the curth's alwosphiere
eguivalent Lo 1w of le.d or 4.% m of concreteld men As not without
the lonizing menrsce. However he 1s not left entirely dofenseless
by n=zture., It has been estiimated that for short teru exposures up
to 90 per cent of the injury is repsrable by the body': own systems.

Besides actual clezun-uvn and revzir of a:

aiged tlssues zetusl struce-
tural changes can occur to minikize Further canage. The body's
line od defense and repzir czn be further cnananceé by the use of

ct

anti-rzdiation druge., 41t the present s in radiobiology over

o]
]

N

5C00 drugs of thie known with the list growlng every dzy.

e
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St
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The most notlable zre cysteamine, cyctunine, AEL, scrotonline, and

5

other enti-heworrhaging zgents. The vroblen of finding drugs which

low toxiclty in the unique environ-

o
s
l.""‘
!(-.&
iy

provide suit=zble proteciio

ment of & spscecraft recuires specizl consideration., Firsi, the
mechanisms by which most of thecze drugs act ere unknown; second,

N

individucl sensitivity must be tzken into account; third, radiation
protective prevarations iay lover wman'se reslsiunce to other facisrs
of the flight.

How do you believe racdiztion is a problen?
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Ever since man first started to consider the possibilitbss of space
advantagas,
traval he has been intrigued with the pmantintdedinz and problems

he weuld confront in tha welghtless state, The first thing that

comas to mind when mort pzeple think of spare trave! In general terms

'}

in welghtlessness uiad Even whon the Apollo éstronauts boamsd backed

"

their TV pictures foom space, a niticeable part of their show was
demonstrating how objects would just fioot in front of them or
how thay could be upside down relatlve to on2 enother withoug
having 111 effeccts,

Weightiessness is very difficult to simulate in the one g

exvironment although attempts which are uscful have bhen made,

In general tha simulations Involve either centrifuzations and

a)

then lowering of the acceleration or suspensions of individuals

s

or organisds in liguld modia with the same density as the

body so that the body floats, Parabolic flignts in airidins
simply do not last long enough to make meanignful studies that could
be applied to long term space flight, Thus, the wilghtless state

is difficult to study in the one g environment of carth and it is
for

s
necesaary to walt wmmmst b2

#¢ orbital flightsor traveliimpgxout into spacas

s

until the effects of walghtless can be studiedzm exteonsively,
Oze would expect, therefore, that when astronauts train for
their space flights there is necescarity something lacking in their
pre-£flight proparation that they rust look forward to until the
momant of actunliz fligut, We would expect Chat the astronauts
. pn Lo .
look forward with anticipation k1 .o the experience of wolightiesssess,

In addition, bmcause of the difflculty in cstablishing

zevo g envivonment on earth, we would expsct a great doal of the



experimefzation that the astronauls would perform during flight would
be concerned with velghtlessness, Radiztion effects and isolation
can be studied effectively on tho earth (zlthough it may be diffichlt
andl very dangerous th study thesa provlens en human subjects on eartind
thoy will be cvor pre sent problow on spree fiight), Because data
can be retrileved from studies of isolation &nd radiation it will be
on biologlical systels

ssilbe to sepavate the effects of weightlessness/from those of

the other two problems,
Research on the blolozgical effects of wiightiessnoss has dintered
around cardiovascular effects and around neuro-muscular effects, This
paper will bz concerned with the nourcs-uuscular effects. When ssarching

thoough the recent literature on the blologleal cffects of the weightless
state, on2 in inmcdietely struck by the small volume of material
currently bzing publishéd, Again, this pust be dus to the difficulty
in sinpuleting the weightless state, but more importantly, sinc! the
shorter fulights have shown very fow deleterious effocts of walghtlessaess,
many of the researchers conclude that weightlessness is nothing
to worry about, Howevar, this do2s not meoan that its effects, if
we can find any may not bs extremely interesting

Tamxwsiwonsws In the early days of the space program, the

participonts did not really know what to expzet fwem wolghtlessness,
ozt repxrted dizziness for a short tinme but they rapidiy becane
accustomzd to the new environmoent, So far, no drasztic problems have
bzen reportad, The long term effects of welightlaseness, however,
still recain extrem2ly Interesting and a number of questions
can be raisod,

For excmple, since the body will not waigh® anything, presumably

the ind fvidunl wlll have to do less work to move his body and losg

muscular wor k to perforn physical tacks Boes thils mean ¢hat

his body will bocome lesen tired durlng tho vorking natooel hours and



hours thathkz he is awake? If so, perhaps he c¢an function well with

a much reduced sleep poriod, i would & genaerally shortened
sleeping period affect his rhiythms and the different phases ¢f
sleep that ha would have baen accustomzd to In the one g enviromment?
During conscious states, the astronaut will realize his welighcless
stiuationg but during sleeping porlods, will his spezp habits change
For example, it was reported that the astronauts in space titand to
cling to somsthing when they are aslezp to glve themzelves reference:
about theoir surroundings? Perhaps thezre are other bohavioral
changes that will be noted in & bng term space fiight, and only
actually experiencsdg them will give us cluoss abput the patterns
they might follow,

During the working hours exercissz will dzfinitelydbes needad
givmi to prevent atrophy,

Some kind of psychological testing should be done which would
enable evaluation of mantal states and wmupmmiivdung capacities,
Such things &s the long term effects of working under zero g,
whether a cortain amcunt of leisure activity is necded, and so
on Exxii could be evaluated,

The anticipation of the astronauts fowrard the wolghtless state
may lead to a let down after they hava bzen in the gituatien for
a numbar of days or months, They may feel disappointrment abuut not
being able to cxcwecise easily, for oxample, They may peel thay
need a break from the routine of weilghtlecsness, For this reasmn
is might bz desirable to alternate the gpaccerafi bowzenn rotation
to induce centripetal accelemratien and no rotation to enable the
man to romain in the weightless stata, Vorrylng absul scemsthing

which nlight occur during tho veightlesz state may also affect the

aztropaut, EBzcause §t is o hard Lo simuliticus on the goound, the



e’

astronaut may feel he is goting into something totally unaxpescted
and may bz anxious during the whole flight for som2 unexpec«ted occurences
However, sinco the previous flights have genorally shown there

is nothing too strange about the weightless state cxcept for
vestibular problems a largoer problem scams to becur when the
astronauts return to a gravity situation, Ina addition to strange
sens&tions like the Apollo astroncuts noted(like thoir clothss
being heavy and noticing that they felt heavy and had to hold on
to the doctor's exanining table) after long space flight, if there
has beoen prolenged disuzse of the feet, he may develop biisters
simply by walking on his feet which are not used to waiking., Hls
muscles may be xurelzix a little unsteady., However, all of the
foreseeable dileterious effects of retmrning to carth or another
body possibly may be counteracted by appropriate exarcises,

In sum, then, from previous experience, the hazards of
the weightless state upon the mature human organism szem to be
minimal,n Thoosm B3 Man can adjust quite well to his new
situaticen and in &1 ¥xph probability, he will function wulte
well over long periods of time In zero g, Anxiety over unkimam unforonzen
problems during ths weightless state may wall be his biggest problen,
Returning to a normal gravity sftuation may be anticipated by
appropriate excreising. It may wall turin out that weightlessness
car be made to be mrmpimsx relativelyy harmless and the advantages

it offers fo - resti.. and wozking may b2 ccusiderdstle,
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PSYCHOLOGICAL MONITORING (. Doervonrn)

There are two general types of tests for psychological stabiiity,
One r2thod consists of monitoring physiolegical functions vwhich may
be affacted by psyililogical malfunctlons or emolivnal anuicty. If o
fird an a™ormality in ene of these physiologilcal functions we then
have an indication that the astronaut may ba undergoing some psycho=-
logical stress, The other method consists of monitoring the psycho-
logical state in a more direct fashion by using methods such as testing
ard observation,

I am suggesting three physiolozical teste which will give both
the astronauts and”ground controf\an idea of the mental state of the
crew, (1) The swzat gland activity of the astroﬁaut should b2 watched
closely., Sweat gdands are very good indicators of nervous system
activity and they ray be recorded electrically, An increase in gland
activity mag be an indication of emotional amticty, (2) The HCI sseretion
in the stomach should also bz carefully measured, HC1 secretion is
usually accompanied by increased stomach mobility and increased blood
supply to the viscera., In addition, there is usually a decreass in
the muscous covering of the lining of the stomach, This total process
is a fairly good indicaticn of mental stress, (3) Also, in genoral,
whenevaer a person expariences profocund emotion or tension the tension
In the skeletal muscles also increaszs, Therefore, a measure of the
tension in these muscles would providz you with an indication of

psychological stress,




Pefore I discuss the means of dircct psychological testing of tha
erev one crucial point sbould be mede, Throughout this whole procedure
of psyvchological nenltoring it is undesirarle to bove any suspicion of
covert surveiliance of individual‘perfornance on the ship., If any
anomallies in beﬁavior are perceivad with the aid of any of thece tests
this should be discussed with the crew momber involved, The training
of the crow prior to the Mars trip should stress the reasons for these
tests and the men should take them as & matter of course during the

mission,

=

ere are four types of psychological tests which, while not
completely valid in themselves alone, can together provide sufficient

information on the mental state of the crew, (1) Mission Tasks

g??59r§5250 ?§§£q = The best mothod for obtaining data of crew perfor-
mance would bz to utilize simulation programs in the spacecraft conm-
puter,  These could b2 used to drive displays and indicators in a
quasi-operational situation. The type of functions that we would

wvant to simulate would bz things like: Systems Monitoring, Navigation
Prodadures, Orbit Transfer, Rendesvous; Landing Manesuver, These tests
would indicate the Iindividuzl's perforoance capability, Howsver, when
we notice a decremant in an Individual's perforimance we must be care-
ful not to jump to the conclusion that thare is something wrong with
this indivicual, It mey be natural to expesrience a performance
capability cccerement under Mars flight conditionz, For this reasen
ground-baged and orbital simulators should be employed to halp validate

3

any results that you do obiain from this type of test, Results of the

>

performance testing should be discussed with the crow member so that he



may be made aware of his decrement in cepability, Thus if a change in
behavior is desired the astronaut will be immediately informed of the fact,
A sccond (2) means of psychological monitoring is by using stgndar«

dized tests. Psychologizal stress effects two levels of functioning:

e T et pemen

the cognitive and the emotional, In the area of cognitive functioning

the ability of abstract thinking is usunlly affected first, Therefore
if we test abstract thinking abiliry wz will have a means for deter-
mining cognitive ability, Tests now In use which test abstract thinking
are: Shipley-Hartford Test, Wechsler Adult Intelligencs Scale, and the
Rorshach Test, Actually we will have to davise a method of combindng
these tests and others in order to cowme up with 2 test or group of tests
that can be administered to the crow without any danger of learning and
practice influezncing subsequent tests, In order to test exmotional
functioning the fellowing tests, now in use, could be used: The Forer
Sentence Completion TEst, The California sychological Inventory, the
Minnesota Multiphasic Porsonality Inventory, and the Rorshach Test,

A third means of monitoring the psychological state is by observa-
519? by bet» a trained psychiatrist and by members of the rest of the
crew, The members of the crew will take turns and each will have a
periodic chance to evaluate the nantal states of the rest of the crew,
Observations should be curmulated in graphic form to allow easy dstection
of trends, Som2 of the things that misht warrent cause for concern and
intervention are: fivctuations in sleep behavior, obnormal tollet
opzration, drop in popularity, Increase in ccunlaints, decrease in

erest in major recreational and ereative activities, and increacged

o

in

di

4]
~r

ractabliticy,
A forth moans of gaining valuable Information abnut the crew is

through parsonal selfemonitoring by cach mombay of the expedition,




Each member cf the crew should be given pre-flight training in
introspective enalysis technigues so that he mam better analyze his
psychological state, This téchnique would be the lowost of the four
In terms of reliability beoecause of such factors as: limitations in the
depth of introspective analysis; thz tendency not te be entirely truthful
about something which is Incompatible with the dcofense machanisas you
have develeped, However when this caifereport is addad to the other
methods of nonitoring mental state and a correlatioen appears betwzen the
two then a great encunt of validity may bte attributed to the tests,
Despite all the care exercised there remains the possibility that
Va psychotic ecpisode may appear on the trip to Mars, Not infrequently
the iIndividual undergoing an acute psychotic episede denies that his
mentation, emotidéns, or behavior are abnormal, Under these circun-
stances he would obviouzly refuse to voluntarity accept medication,
For this reason there should be & mechanism whereby the rest of the
crew and "ground control' can inject the psychotic membeor with a drug

that wiil put him to sleeap,




Fars Froject: DPsychological Effects of Food and Diet

There are essentially three constraints which place limitations
on the type of nutritional diet provided astrona. ts on a long-
texrmn (grcater than one year) teip to MVars and baclk to Zarth:

mase (volume and weisht Timitations), canitation (packaging

requirvenentc), and psychological feasibility (ta-‘e 0.4 variely
requi“cmenta). 4 diet ac table to all these conctraints muast

A closed ecologicanl system in which fcod is chemically and/or
bioloszically oroduced would certainly save the nost mass, but

its effects on the crew mighit be psychologically disastrouc.

Sensor, deprivation has been a problem that scientists have so
far linked mostly to weightlessnecs (reduced tactile perceptions )

and reduced visual stinmuli. Howvever, sensory deprivation might

be just as great a problem with regzard to the © aste and olfactory

sensen if the astronauts are provided with completely blond foods
other hand, any type of canned or frosen-fresh foods would

present greot problemz in preparstion of the foods and maintenance

of a sanitary environaent, not to wention the additi

o
to 20 000 kxilozmrans of mass the foods would edd to the space vehicle,

.Removing all water from the food so far has proved to be the most
efficient means of removing mass Trom food supply. The frecze-
dried foods so far have been the best mcethod of meeting the

three major constraints on food supply to space crews. In the
future minor technologicsl improvements should result in an

improved taste in the foods.

Just as importent zs taste is variety. Crew members showvld have
a soy.in the sclection of their individual diets, but certzin
meals should be provided during the weel (one neal per week)

B "

vhose contelnis are tnknoun to the cre- membeos., These "surpric.

[¢]

L
neals chould have differint contents thon most of the meals which
the crew will eat. Also, the nenu should be scheduled scottha
newv foocds becone avellablce every three months., Bither one or

both of these procedures could be employed to cnsure veriety in

- 2.

the crew's diet. Another nmethod of imoroving the quality of foods
is to provide hotter end colder water thon now is used €

O re—-




hydrate the food. Temperatures of 180° P (1500 now usg d) and
400 r (500 nowv used) should be the available extremes fou hot

and coldwatern recspectively. The reason for this is simple:

hot eand cold foods arc more pzlatable than lukewarm £rods.

Althouzh olfactory sense deprivation is not likely *to be a
major concern bocause man's olfactory orgens are so poorly
developned, it may be possidble in the future to program certain

aromns into a computer. Thus, during meals or certain other

3]

periods during a wveek, veriocus cromes could be provided,

4

N ~
es

pecizally of flovers and foods. Such a system would be feasible

o]

nly if the avparatus whnich would contain the various aromatic

yrays would occupy minimal enace.

(]




SANITATION AND HYGIGNE

l. VWhole body bath and laundry. A combined procedure of lawdering

clothes and bathing the entire body should be scheduled at intervals

»

~f ghouvt one veek, JLithorities seem te indico Lo that the whole YToly

i3

path is more of a psychological necessity than a hygenic one, but it
is useful in removing loose epithelium and microbes from the body
surface. Mattoni and SBuiliven first vrovosed a method which uses
bath suit and laundry-basg system in combination, The bath suit is made

rproof outer coating and is lined with sponge rubber;

visualized, perhaps, as a baggy diver's wetsuit.
he bathings vrocedure involves removing the clothes and vplacing them
in a senczrate loundry bag, which is then connected to the effluent
line of the batbh suit. The crewman dons the bath suit, places a

soap tablet inside the suit, and comnects an intale line to the
vater supply. After pumping about 3-4 gellons of warm water into
the suit, he must asitate his body <wo workx up a soapy solution.

athing is accomnlished by rubbing the suit at all points on the body.
The bath suit is then drained of the soan solution, which is allowed
to flow into the laundry bag.

warn water, dissolving

+y

Rll’lbin,‘ can conzsist of pumping a quantit &)
- - -

the residuazl. soap and draining the waste
Sial o

nto the wazte water system,
Finally, th o)
e

o B

intake line may be comnacted source of wexm dry eir,

e a
which ico lowed to circulate throush the suit, drying it and the
be

6]

crewman. After bathing, clean clothes would removeda from storage
and dormed.

Subscequently, the laundry function can take place. The lavadry bag,
holding the crewvman's soiled clothes is manually egitated to effect
clezxning. At the completion of this procedure, the bag effluent hose

-
)

can be connected to the water recovery systenm and stripoed of all

vater. Pinellv, hot. Ary air can be comraected %o dry clothes and hag.
2 :

2. Superficial bath. Superficial bath:nsg cen be accomplished using
wvet sponges, perhaps with soap selution. These sponges can be stored

g contain the moisture in them. This technigue re-
gquires much less water and can be emsloyed at the option of the crew

member.




3. Care of teeth. Dental hygiene may be exercised much the same way as

on Darth,. Teishtlessness would require a suctionsdevice to remove

ot
0
o
s
o
[l
%)
fa

ste and antiseptic rinse solution from the nwouthe

4, Hair cutting., Hair should be cut periodically in conjunction

with shaving. This may be done with the electric razor usecd for shaving.
Hair length is to be kept to a minimum to allow easy washing aund to
facilitate control of microbes. Buggested length is about % inch.

5. Nail care. Frobably best carried out in conjunction with whole body
bath when nails will be soflter. Standard clipper used, with nail cuttings
collected and deposited in wvaste removal systeom,

A

6. Urinztion. A simple collection device similar 1o a hospital

urinal ray be used within +the svacecraft. Pressure from the bladder
is sufficient to force the urine through the valve system. The

urinal mey be dischoarged into the waste water recovery system. It
would bo necessaxry o clean the urine—collecting Gevice with an antie
secotic solution to control bacterial growth., This device cannot be
used, however, when the crewman is in his pressuriszed suit. In such
tuvation, he misht employ a special urine-collection bladdexr fitted
in the suit. This bug also is to be emvtied into the waste water
recovery systemn,
7. Defecation. According to the precent literature, no simple means
has yet been desirmed to meet obvious esthetic and sanitary standards.
pozsible design includes & specizl seat with a nermanent plastic
collector, & vecuum lineto guide feces and remove gases, a freeme-

dry processing unit, and a liquid separator to recover water.
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